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**The  Universal  Infantry  Weapons  Trainer  (UIWT)  is  an  electro-optic  based,  micro¬ 
computer  controlled,  training  device  that  enables  tactical  infantry  weapons 
training  with  a  M-16  rifle,  under  a  simulated  high  stress  battle  field  environ¬ 
ment.  The  battlefield  is  simulated  using  a  16mm  movie.  A  receiver  on  the  wea¬ 
pon  is  used  to  detect  kill,  near  miss  or  miss  Information.  The  following  weapons 
effects  and  feedback  are  provided  the  trainees  or  Instructor:  weapon  recoil, 
weapon  bang,  magazine  action,  automatic  or  single  shot,  lead  and  elevation  If 
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SUMMARY 


The  Universal  Infantry  Weapon  Trainer  (UIWT),  is  an  electro-optic 
based,  microcomputer  controlled,  training  device  that  enables  tactical 
infantry  weapons  training  with  an  M-16  rifle  and  16mm  motion  picture 
projectors  which  simulate  a  high  stress  battlefield  environment.  In  a 
short  period  of  time  a  trainee  can  be  subjected  to  a  large  variety  of 
combat  situations  where  each  trainee's  performance  is  analyzed  in  real¬ 
time  and  immediate  feedback  is  given  to  both  the  trainees  and  instruc¬ 
tor.  Combat  scenarios  can  be  changed  to  fit  any  potential  battlefield 
requirement.  Prototype  models  were  constructed  by  the  Research  and 
Technology  Department,  NTEC,  Orlando,  Florida  for  both  the  U.S.  Marine 
Corps  and  PM  TRADE.  These  models  were  successfully  tested  at  Camp 
Lejeune,  North  Carolina  by  the  U.S.  Marine  Corps  and  by  the  U.S.  Army 
Infantry  Board  (USAIB)  for  the  Directorate  of  Training  Developments, 

U.S.  Army  Infantry  School,  Fort  Benning,  Georgia.  It  was  stated  that 
the  tests  did  give  some  evidence  of  the  UIWT  system's  potential  for 
training  transfer  (Ref.  9).  Furthermore,  enlisted  men,  snipers  and  a 
variety  of  General,  Field  and  Company  grade  officers  who  fired  and  ob¬ 
served  the  UIWT  stated  that  it  was  a  valuable  training  tool  (Ref.  8). 

U.S.  Marine  Corps  and  PM  TRADE  sponsored  work  is  continuing  on  this 
program  to  develop  the  capability  to  add  other  weapons  i.e.,  Dragon,  LAW, 
M-60  macine  gun,  etc. 

The  authors  wish  to  thank  the  Acquisition  Sponsors  Project  Officer, 
Major  E.  Hutchinson  and  Lt.  Col.  R.  F.  Zumbado,  formerly  Assistant  Marine 
Corps  Liaison  Officer,  for  their  aid  and  valuable  suggestions. 
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SECTION  I 


INTRODUCTION 

The  Universal  Infantry  Weapons  Trainer  (UIWT)  is  an  electro-optic  based, 
microcomputer  controlled,  training  device  that  enables  tactical  infantry 
weapons  training  with  an  M-16  rifle,  under  a  simulated  high  stress  battle¬ 
field  environment.  In  a  short  period  of  time  a  trainee  can  be  subjected  to 
a  large  variety  of  combat  situations  where  each  trainee's  performance  Is 
analyzed  in  realtime,  and  inwediate  feedback  is  given  to  both  the  trainees 
and  instructor.  Combat  scenarios  can  be  changed  to  fit  any  potential  bat¬ 
tlefield  requirement.  An  artist's  concept  of  the  trainer  is  shown  in 
Figure  1-1. 


Figure  1-1.  Artist's  Concept 

This  training  device  provides  the  trainees  or  instructor  the  follow¬ 
ing  simulated  weapons  effects  and  feedback  information: 

•  Weapon  recoil 

•  Weapon  bang 

•  Magazine  action 

•  Automati :  or  single  shot  simulation 


Lead  and  e  evation  if  applicable,  is  programmed  in  the  system 

Real-time  ndividual  audio  scoring  feedback,  using  computer  gen¬ 
erated  voice,  via  a  headset 

Trainee  feedback  data  displayed  in  columns  on  TV  type  monitor 
for  instructor  observation 

Reaction  time 

Movement  of  weapon  relative  to  correct  kill  zone  is  observed 
by  instructor  and  recorded  for  playback. 

Lowest  performer  indicated  to  instructor 

Identification  of  trainee  responsible  for  shooting  with  no  tar¬ 
get  present 

Built-in  self-check  features 
Score  determined 
Hardcopy  of  scoring  results 
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SECTION  II 
SYSTEM  DESCRIPTION 

This  section  of  the  report  describes  the  system.  Details  of  the 
system  design  are  included  in  Section  III. 

The  system  utilizes  two  motion  picture  projectors:  a  visual  and  an 
infrared  (IR)  target  spot  projector  (see  Figure  II-l).  The  visual  pro¬ 
jector  displays  the  battle  scene  including  the  visual  targets.  The  infra¬ 
red  projector  provides  invisible  infrared  target  areas  at  which  the  weapon 
must  be  aimed  in  order  to  score  a  hit.  Lead  is  programmed  into  the  infra¬ 
red  target  film,  which  the  weapon  receiver  detects,  requiring  the  trainee 
to  lead  the  target  as  necessary.  Figure  I I -1  shows  the  visual  target  on 
the  left  and  the  infrared  target  on  the  right  indicating  that  the  target 
is  moving  to  the  right. 

Each  trainee  has  a  simulated  M-16  rifle  with  an  attached  infrared  (IR) 
receiver.  The  IR  detector  is  a  four-quadrant  photodiode.  The  four-quad¬ 
rant  target  information  and  microcomputer  logic  determines  kills,  eight 
areas  of  near  misses,  and  total  misses.  The  regions  of  near  miss  include 
high,  low,  left,  right,  high  right,  high  left,  low  left,  and  low  right. 


INSTRUCTOR  STATION 


Figure  1 1 -1 .  System  Block  Diagram 
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When  the  trainee  fires  the  weapon  he  hears  a  simulated  bang  and  feels 
a  recoil.  Recoil  is  generated  by  a  short  pulse  of  air  released  near  the 
front  sight  which  drives  the  weapon  high  and  to  the  right.  An  B080  based 
microcomputer  determines  where  the  round  would  have  hit  using  the  detector's 
quadrant  data  and  supplies  this  information  to  both  a  computer  generated 
voice  unit  and  a  CRT  display  on  the  instructor's  console.  The  computer 
voice  unit  drives  both  the  trainee  and  instructor  headsets.  When  a  target 
appears  on  the  screen,  the  IR  projector  outputs  a  target  present  signal 
from  the  magnetic  audio  stripe  on  the  film.  This  signal  starts  a  clock  in 
the  microcomputer  which  measures  the  time  until  the  trainee  fires,  or  effec¬ 
tively  his  reaction  time.  The  target  present  signal  is  also  used  to  deter¬ 
mine  the  number  of  targets  that  appeared,  targets  ignored,  targets  shot  at 
and  if  the  trainee  fired  when  no  target  was  present.  Trainee  results  are 
continuously  displayed  in  columns  on  a  CRT  display  on  the  instructor's  sta¬ 
tion.  At  the  completion  of  the  exercise,  the  results,  analyzes  and  response 
time  are  printed  by  a  terminal  at  the  instructor's  station. 

Distribution  of  fire  can  be  monitored  using  a  gallium  arsenide  laser 
infrared  source  located  in  the  flash  hider  part  of  the  rifle.  The  projected 
IR  laser  spot  is  invisible  to  the  trainee  but  is  detected  by  an  infrared 
television  camera  and  displayed  by  a  CRT  located  on  the  instructor's  console 
as  shown  in  Figure  1 1 -1 .  When  the  rifle  is  fired  the  IR  spot  projector 
illuminates  the  screen  with  a  small  IR  spot.  If  the  instructor  wants  to  con¬ 
tinuously  monitor  rifle  motion  the  IR  aiming  spot  is  left  on  continuously 
and  the  laser  spot  brightens  when  the  trainee  shoots.  The  TV  camera 
data  can  also  be  recorded  for  playback  during  debrief. 

Figure  1 1 -2  shows  the  rifle  electronics  and  two  projected  targets. 
Discrimination  of  the  infrared  targets  is  enhanced  by  projecting  the  IR 
targets  at  frequencies  different  from  the  visual  scene  signals  and  amplify¬ 
ing  the  infrared  targets.  The  motion  picture  projectors  have  also  been 
modified  to  incorporate  hot  and  cold  mirrors,  whose  function  will  be  de¬ 
scribed. 
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Figure  1 1 -2 .  Rifle  Electronics  Block  Diagram 


The  visual  projector  contains  a  hot  mirror.  This  multilayer  dielectric 
mirror  reflects  or  removes  most  of  the  infrared  above  750  nanometer  from 
the  visual  scene.  The  infrared  projector  contains  a  cold  mirror.  The  cold 
mirror  reflects  the  visual  energy  and  passes  the  infrared  energy  above  750 
nanometers.  This  allows  a  weapon  equipped  with  an  infrared  receiver  to  ig¬ 
nore  the  visual  data  and  obtain  its  target  data  from  the  infrared  projector. 

The  S/N  ratio  of  the  system  is  further  improved  by  using  two  different 
projector  chopper  frequencies.  In  the  visual  projector  the  chopper  is  a 
two  bladed  equally  divided  shutter.  In  the  IR  projector  the  chopper  is  a 
four  bladed  shutter.  The  visual  scene  is  chopped  or  shuttered  at  a  frequency 
of  48  Hz;  the  IR  data  is  shuttered  at  a  frequency  of  96  Hz.  By  using  two 
different  chopping  frequencies  active  filters  in  the  weapons  IR  receiver 
can  be  tuned  to  detect  the  infrared  target  spot  and  ignore  the  visual  bat¬ 
tle  scene.  The  projectors  are  frame  locked  together  synchronously. 

The  rifle  uses  an  IR  detector  consisting  of  a  lens  and  a  four-quadrant 
photo  diode  detector  to  detect  infrared  targets.  An  infrared  filter  is 
utilized  in  the  weapon  optical  system  to  reduce  the  visual  signal  effect  on 
the  photo  detector.  The  photo  detector  signals  are  amplified  by  two  bi-FET 
operational  amplifiers.  A  voltage  comparator  sets  a  threshold  to  establish 
a  digital  "one"  or  "zero".  The  voltage  reference  level  of  the  comparator 
can  be  set  to  adjust  the  level  of  difficulty.  The  voltage  comparator  data 
is  latched  and  delivered  as  input  to  the  microcomputer  system  for  data  anal¬ 
ysis,  display  and  feedback. 

The  rifle  can  operate  in  either  a  single-shot  or  automatic  mode  and 
requires  the  trainee  to  reload  after  he  has  fired  thirty  rounds.  The  rifle's 
simulated  magazine  contains  a  capacitor.  When  the  magazine  is  inserted  into 
the  rifle  this  internal  capacitor  is  discharged,  which  resets  a  counter. 

Bang  simulation  is  achieved  by  filtering  a  noise  source  and  then  pro¬ 
ducing  a  noise  envelope  with  a  sharp  rise  time  and  exponential  decay. 

The  training  rifle  is  shown  in  Figure  II-3.  The  four-quadrant  detector 
is  located  on  top  of  the  barrel  and  the  flash  hider  contains  a  gallium  ar¬ 
senide  IR  laser.  The  rifle  is  a  replica  but  contains  real  sights  that  are 
adjustable.  The  plastic  hose  shown  attached  to  the  rifle,  Figure  1 1-3,  is 
used  to  carry  the  air  for  recoil. 

The  instructor's  console  is  shown  in  Figure  1 1-4 .  The  right  hand  CRT 
displays  the  verbal  data  transmitted  to  each  trainee  in  four  columns.  The 
lowest  score  is  automatically  flagged  by  a  LED  under  the  applicable  trainees 
column.  This  alerts  the  instructor  so  he  can  more  closely  observe  that 
trainee.  The  left  hand  side  of  the  console  contains  a  CRT  display  used  to 
monitor  the  weapon  motion.  Communication  to  the  microcomputer  is  via  a 
terminal  shown  in  front  of  the  instructor.  See  Appendix  E  for  description 
of  the  switches  on  the  console. 


Instructor's  Consol 
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Figure  II-5.  Trainees  Firing  3t  Screen 


Fiqure  1 1-5  shows  the  trainees  firing  at  the  screen.  Note  each 
trainee  wears  a  headset  for  individual  feedback. 

Figure  1 1 -6  shows  the  projectors.  Loopers  (a  closed-loop  film  strip) 
are  used  so  rewinding  is  not  necessary.  An  auto-stop/auto-al ign  feature 
is  visible  near  the  loopers. 

The  computer  voice  system  is  a  solid  state  communications  processor. 
It  operates  as  a  standard  data  terminal  to  the  host  80/20  microcomputer 
system.  The  vocabulary  has  been  digitized  and  stored  in  nonvolatile  mem¬ 
ory  (PROM).  The  system  contains  thirty-two  individually  addressable  words 
and  five  independent  output  channels.  Thus,  the  computer  voice  system  can 
talk  to  any  or  all  of  the  five  trainees  while  saying  the  same  or  different 
words  or  phrases.  Each  trainee  wears  a  headset  so  he  hears  only  the  feed¬ 
back  applicable  to  his  performance. 

The  system  is  controlled  by  a  modified  Intel  80/20  microcomputer  sys- 


Section  III,  next,  describes  the  system  design. 
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SECTION  III 


SYSTEM  DESIGN 


PROJECTORS 


The  motion  picture  projectors  are  two  Hokuskin,  16mm  sound  projectors 
equipped  for  frame -for -frame  sync.  The  lamp  is  a  500  watt  Xenon-arc,  type 
KXL-500H.  One  projector  is  used  as  an  IR  target  spot  projector.  The  IR 
projector  uses  a  cold  mirror  to  remove  the  visual  energy,  Melles  Grlot, 
03MHGD07.  The  transmittance  of  the  hot  and  cold  mirrors  are  shown  in  Fig¬ 
ure  III-l. 

Loopers  are  utilized  instead  of  reels  to  eliminate  the  necessity  of 
rewinding  the  film. 
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Figure  III-l .  Transmittance  of  Hot  and  Cold  Mirrors 

The  projectors  are  equipped  for  either  optical  or  magnetic  sound  re¬ 
production.  Sound  for  the  battle  scene  is  recorded  for  optical  pickup  on 
the  visual  projector. 

Target  present  signals  are  recorded  on  the  magnetic  stripe  of  the  IR 
film.  The  target  present  signal  is  a  1  KHz  audio  tone,  which  is  decoded 
by  an  electronic  tone  decoder.  Figure  I I 1-2. 

The  battle  scene  film  was  both  taken  and  projected  using  a  25mm  focal 
length  lens  to  minimize  perspective  distortion. 

The  IR  projector  has  a  modified  four  bladed  shutter  which  chops  the 
IR  data  at  a  frequency  of  96  Hz.  The  visual  projector  has  a  conventional 
two  bladed  chopper  which  chops  the  visual  scene  at  48  Hz. 


The  projectors  are  equipped  with  an  auto-stop  feature  which  allows 
the  filn  to  he  stopped  at  any  desired  location  by  simply  placing  a  foil 
metal  s  :rip  on  the  desired  stop  location. 

The  screen  is  silver  matte,  9  ft  x  12  ft  overall. 

B.  RIF.E  ELECTRONICS 

The  rifle  electronics  detect  the  IR  target  spot,  amplifies,  discrim¬ 
inates  aid  provides  digital  data  to  the  8080  based  microcomputer. 

The  detector  optics  is  a  single  element  double  convex  lens,  with  a 
diameter  of  29mm  and  focal  length  of  114mm. 

The  IR  detector  is  a  four-quadrant  silicon  piotodiode.  This  device 
consists  of  four  discrete  elements  on  a  single  sutstrate  with  an  active 
output  lead  from  each  element.  When  the  weapon  is  aimed  properly  the  in¬ 
frared  target  spot  is  centered  on  the  detector  and  the  output  current  from 
each  quadrant  is  equal.  As  the  rifle  is  moved  the  currents  change  as  a 
function  of  the  location  of  the  infrared  target  spot  on  the  detector.  Im¬ 
balance  in  the  current  indicates  off-center  position.  The  detector  has  an 
active  area  of  0.05"  x  0.05"  per  element  with  a  gap  of  0.005"  between  ele¬ 
ments.  The  detector  physical  geometry  and  spectral  response  is  shown  in 
Figure  1 1 1 -3 . 
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Figure  1 1 1-3.  Photo  Detector  Spectral  Response  and  Geometry 

The  field  of  view  of  the  IR  detector  is  approximately  seven  inches  on 
the  screen. 

The  currents  from  the  diode  are  input  to  an  operational  amplifier, 
TL082.  The  photo  diode  detector  is  basically  a  current  source  with  an 
output  impedance  which  is  very  large.  The  first  stage  of  the  current-to- 
voltage  converter  presents  almost  zero  load  impedance  to  ground  because 
the  inverting  input  appears  as  a  virtual  ground.  The  input  current  from 
the  diode  flows  through  the  two  Megohm  feedback  resistor,  generating  an 
output  voltage. 
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where 

Rp  =  2  Megohm 

i d  =  detector  current 

A  separate  channel  is  used  for  each  of  the  four  quadrants.  The  out¬ 
put  from  the  current- to-voltage  amplifier  goes  to  a  noninverting  amplifier 
with  a  gain  of  23.  This  stage  is  also  part  of  the  TL082.  The  electronics 
described  above  is  located  on  Board  #1,  Pre-Amp.  (Figure  1 1 1-4) 

Input  signals  to  the  active  filter  are  48  Hz  from  the  visual  scene, 

96  Hz  from  the  IR  target  spot  and  any  extraneous  light.  The  active  filter 
is  used  to  pass  and  amplify  the  desired  IR  signal  at  96  Hz  and  reject  all 
other  signals. 

The  UAF  -  41  is  a  two  pole  active  filter.  It  uses  three  operational 
amplifiers  in  a  double  integrator  feedback  loop  to  generate  two  conjugate 
poles.  Location  of  the  poles  in  the  complex  plane,  and  thus  the  natural 
frequency  and  Q  are  determined  by  external  resistors. 

The  equivalent  configuration  of  this  band  pass  filter  is  shown  in  Fig¬ 
ure  1 1 1-5.  The  filter  is  designed  for  a  96  Hz  center  frequency  with  both 
a  Q  and  gain  of  50. 
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Figure  1 1 1-5 .  Bi-Quad  Active  Filter 

Both  the  active  filters  and  voltage  comparators  are  located  on  Board 
#2,  Figure  Ill-f.  The  output  of  the  active  filter  is  a  sine  wave  with  a 
frequency  of  96  Hz.  The  output  sine  wave  goes  positive  and  negative  about 
a  zero  volt  reference  level.  This  output  is  clamped  and  fed  to  a  voltage 
comparator.  The  voltage  comparator  changes  the  analog  detector  signal  to 
a  digital  signal.  The  input  signal  level  for  a  one  or  zero  is  determined 
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by  a  rvsistor  or  reference  voltage  setting.  Each  of  the  four  voltage  com¬ 
parator  channels  has  its  own  reference  voltage  setting  resistor,  i.e.,  R33, 
R34,  R  35,  and  R36.  The  reference  voltage  setting  controls  the  degree  of 
d  fficulty  in  hitting  a  target.  The  detector  signals  next  go  to  IC1 ,  a 
7408  AND  gate.  Board  #3,  Figure  1 1 1-7.  If  the  trainee  pulls  the  rifle 
trigger  and  has  rounds  remaining  in  his  magazine*  the  NAND  gate  is  enabled 
by  an  input  from  Board  #4.  Board  #4  is  shown  in  Figure  1 1 1-8.  IC2  and 
IC3,  Board  #3  are  9024  JK  flip  flops  configured  as  latches.  Each  9024  has 
two  latches.  The  9024  is  reset  by  the  microprocessor  after  it  has  accepted 
the  four-quadrant  IR  target  spot  data.  IC4,  Board  #3  is  a  line  driver. 

Board  #5,  Figure  II 1-9,  is  connected  to  the  rifle  trigger.  I Cl ,  a 
5437,  containing  NAND  gates,  debounces  the  trigger  and  applies  5  volts  to 
IC3.  IC3,  a  timer,  provides  pulses  of  12  Hz,  which  is  the  firing  rate  of 
the  weapon.  A  one  shot  is  also  triggered  and  provides  a  single  pulse. 

The  output  of  Board  #5  is  determined  by  the  setting  of  the  single  or  auto 
fire  switch  on  the  simulated  weapon.  The  setting  of  auto  or  single  shot 
determines  which  gate  on  IC1  is  active.  If  the  trainee  is  in  auto  fire 
pulses  at  12  Hz  are  provided  Board  #2.  IC3  on  Board  #4  has  a  gate  which 
will  pass  the  signal  if  the  counters  IC1 ,  IC2  on  Board  #4  indicate  rounds 
are  left.  The  counter  enables  IC1  on  Board  #3  and  also  enables  the  data 
ready  pulse  provided  by  IC4  on  Board  #4  to  the  microprocessor.  IC4  is  a 
one  shot  which  generates  a  10  ysec  data  ready  pulse  for  the  microprocessor 
to  indicate  data  is  available.  After  the  microprocessor  has  read  the  data 
it  resets  the  latches;  IC2  on  Board  #3. 

The  one  shot  IC6,  Board  #4,  Figure  III-8,  is  used  to  reset  the  counters. 
The  dummy  magazine  contains  a  capacitor.  In  the  "loaded”  configuration  the 
capacitor  is  charged  to  5  volts.  The  magazines  are  easily  loaded  or  charged 
by  momentarily  inserting  them  into  a  charging  fixture. 

When  the  dummy  magazine  or  capcitor  is  inserted  in  the  rifle  it  dis¬ 
charges  through  R4,  providing  the  counter  reset  voltage.  The  magazine  is 
reloaded  by  charging  the  capacitor  in  the  magazine  to  5  volts. 

C.  COMPUTER  VOICE  AND  AUDIO  SYSTEM 

The  Computer  Voice  System  is  a  Business  Communicator  Model  LVM-70  manu¬ 
factured  by  V0TRAX,  the  Vocal  Interface  Division  of  Federal  Screw  Works, 

Troy,  Michigan.  The  LVM-70  was  designed  specifically  to  be  used  as  a  con¬ 
centrator  for  touch- tone  based  information  systems. 

Up  to  32  words  (16  seconds)  are  available  with  up  to  eight  audio  out¬ 
put  channels.  The  trainer  utilizes  an  output  channel  for  each  trainer. 

When  a  shot  is  fired  by  a  trainee  the  host  computer  (80/20)  decodes  the  in¬ 
coming  rifle  data  and  then  sends  three  bytes  of  serial  data  to  the  LVM-70 
specifying  a  start  word,  a  trainee  identification  word,  and  the  appropriate 
voice  response  code.  The  voice  output  line  for  each  trainee  is  routed  to 
the  trainees  audio  mixer/amplifier,  Board  #6,  Figure  III-10,  as  well  as  the 
instructor's  control  panel. 

The  LVM-70  voice  communicator  can  be  replaced  in  later  models  for  rough¬ 
ly  1/4  the  original  cost,  due  to  technological  advances. 
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Figure  1 1 1-8 .  One-Shot  and  Counters  -  Board  #4 


Each  trainee's  audio  system  consists  of  two  stages  of  audio  amplifi¬ 
cation.  A  Texas  Instrument's  TL074  low  noise,  quad,  dual  operational  amp¬ 
lifier,  ICI ,  is  used.  Consequently,  two  trainees  are  handled  by  a  single 
TL074  (Figure  111-10).  The  first  stage  of  amplification  is  primarily  an 
audio  mixer.  Five  independent  channels  are  mixed  into  one.  These  five 
channels  consist  of  the  computer  voice  feedback  system,  the  instructor  com¬ 
munication  line,  the  synthetic  rifle  bang,  coordinated  battlefield  sounds 
and  general  battlefield  environment  sounds.  The  instructor  uses  an  identi¬ 
cal  mixer/amplifier  channel  but  his  inputs  consist  of  the  various  computer 
voice  responses  to  the  trainees.  The  instructor  selects  which  trainee  he 
desires  to  hear  by  pushing  the  appropriate  switch  on  the  instructor  control 
panel . 

Each  of  the  five  inputs  to  the  mixer  stage  as  well  as  the  final  output 
stage  have  their  own  volume  control. 

D.  BANG  AND  RECOIL  SYSTEM 

1 .  BANG  SYSTEM 

An  electronic  bang  is  presented  to  the  trainee  via  his  headset  when  he 
has  fired  a  shot.  The  bang  board,  Board  #8,  Figure  III-ll,  produces  the 
synthetic  gunshot  sound  and  passes  this  sound  to  the  trainees  audio  mixer/ 
amplifier  Board  #6,  Figure  III-10.  The  bang  is  produced  by  generating  ran¬ 
dom  noise,  due  to  diode  D1  being  biased  near  its  breakdown  voltage,  and  then 
using  the  FET  to  generate  an  envelope  for  this  random  noise.  This  envelope 
consists  of  a  sharp  rise  time  and  an  exponential  decay  which  corresponds 
closely  to  a  gun  shot  noise  envelope.  Specifically,  the  diode  D1  produces 
random  noise  which  is  amplified  by  1/2  of  ICI,  a  dual  operational  amplifier. 
This  amplified  random  noise  is  presented  to  the  drain  of  the  FET.  The  FET 
does  not  pass  this  noise  until  its  gate  is  presented  the  sharp  rise  and  ex¬ 
ponential  decay  envelop  representing  an  actual  rifle  shot  sound  envelope. 

The  sharp  rise  of  voltage  on  the  gate  of  the  FET  is  produced  by  IC2  changing 
to  a  high  state;  5  volts.  When  IC2  changes  back  to  a  low  state,  0  volts, 
the  diode  D2  isolates  the  gate  of  the  FET  from  being  pulled  down  to  an  off 
state  and  allows  the  RC  network  consisting  of  R6,  R12,  and  C7  to  exponen¬ 
tially  decay  the  residual  voltage  thus  producing  decaying  gunshot  envelope 
of  noise.  The  source  of  the  FET  thus  produces  on  demand  random  filtered 
noise  within  an  envelope  resembling  a  gunshot  bang.  The  second  half  of  ICI, 
an  operational  amplifier,  produces  final  amplification  of  this  sound  before 
passing  the  output  to  the  students  audio  mixer/amplifier. 

2.  RECOIL  SYSTEM 

The  recoil  system  consists  of  three  major  parts:  air  hose,  recoil 
board,  and  the  air  valve. 

The  air  hose  follows  the  electrical  cable  up  to  the  rifle  and  into  the 
butt  of  the  weapon.  The  hose  is  a  lightweight,  nylon  reinforced,  dimention- 
ally  stable  air  line  hose.  After  entering  the  butt  of  the  rifle  it  runs 
forward  and  attaches  to  the  rifle  barrel.  The  barrel  is  plugged  at  the  tip 
end  and  an  outlet  orifice  has  been  drilled  on  the  bottom  of  the  barrel  near 
the  tip  end.  The  orifice  is  pointing  down  and  30  degrees  to  the  left  which 
produces  a  thrust  up  and  to  the  right  when  a  shot  is  fired. 
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The  recoil  circuit.  Board  #7,  consists  of  a  555  integrated  circuit 
timer,  IC2,  and  a  darlington  pair  transistor  driver  circuit  for  the  recoil 
air  valve.  The  555  tinier  is  set  for  a  nominal  20-25  msec  duration.  The 
variable  resistor  R2  serves  to  regulate  the  timing  duration  (Figure  111-12). 

The  recoil  valve  is  a  pilot  operated  solenoid  valve.  Because  it  is 
pilot  operated,  the  on-off  rise  and  fall  times  for  actuation  are  very  short 
and  power  consumption  is  only  8.5  watts. 

E.  DISTRIBUTION  OF  FIRE  AND  WEAPON  MOVEMENT  MONITORING 

Distribution  of  fire  and  weapon  movement  can  be  monitored  and  recorded 
during  a  training  exercise  for  playback.  The  system  allows  the  instructor 
to  view  where  the  weapon  is  aimed  relative  to  the  IR  target  spot.  This  fea¬ 
ture  is  completely  independent  of  the  basic  system. 

An  IR  light  source  is  used  on  the  weapon.  The  infrared  light  source 
used  in  the  system  is  a  semiconductor,  gallium  arsenide  laser.  The  laser  is 
collimated  by  a  simple  piano  convex  lens.  The  laser  is  attached  where  the 
weapon  flash  hider  is  located.  If  the  instructor  wishes  to  view  the  loca¬ 
tion  of  the  trainees  weapon,  he  selects  the  laser  he  wants  turned  on  and 
holds  down  a  button  on  the  instructor's  console.  The  instructor  is  able  to 
view  both  the  projector  IR  target  and  laser  spot  from  the  selected  trainee's 
rifle.  This  information  is  detected  using  an  RCA  TC  1005/H01  low  bloom  sili¬ 
con  target  Vidicon  and  closed  circuit  video  equipment.  The  TV  display  tube 
is  located  in  the  instructor's  console  and  the  TV  camera  near  the  motion  pic¬ 
ture  projectors. 

The  laser  spot  brightness  seen  on  the  TV  is  a  function  of  the  pulse  re¬ 
petition  frequency  (prf)  of  the  gallium  arsenide  laser.  Two  modes  are  avail¬ 
able: 

•  Flash  only 

•  Track  plus  flash 

In  the  flash  mode  only,  a  single  flash  occurs  when  the  trainee  fires. 

In  the  track  and  flash  mode,  the' instructor  sees  a  point  of  laser  light  on 
the  screen  all  the  time,  which  moves  as  a  function  of  where  the  trainee  is 
pointing;  when  the  trainee  fires,  a  brighter  flash  occurs. 

Laser  energy  reflected  off  the  screen  is  eye  safe.  However,  the  trainee 
should  not  point  his  weapon  in  another  trainee's  eyes  as  eye  damage  can  occur 
from  looking  directly  into  the  laser  beam. 

The  laser  timing  signals  are  generated  using  Board  #10,  Figure  1 1 1 -1 3 . 
The  laser  pulser,  Board  #11,  is  shown  in  Figure  III-14. 

The  laser  pulser  uses  a  SCR,  GA201  to  discharge  capacitor  Cl.  Q1  is 
used  to  allow  rapid  recharge  of  Q1 .  The  laser  is  a  5  watt  peak  power  laser 
with  a  nominal  50  nanosecond  pulse  width. 
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Figure  1 1 1-12.  Recoil  Circuit  -  Board  #7 


Figure  III-13.  Laser  Signal  Generation  -  Board  #10 


F.  RIFLE  MOCKUP 

The  rifle  mockup  is  manufactured  by  Replica  Models,  Inc.  It  is  not 
designed  to  accept  a  round  of  ammunition  and  cannot  be  converted  to  accept 
ammunition.  The  original  replicas  received  from  Replica  Models  have  been 
extensively  modified  to  perform  satisfactorily  as  a  trainer.  The  original 
barrel  plug  was  removed  and  moved  to  the  front  end  of  the  barrel  to  accom¬ 
modate  the  recoil.  A  recoil  orifice  was  then  machined  and  an  electronic 
board  was  installed  within  the  handguards.  To  accomodate  boresighting, 
the  original  molded-on  nonadjustable  front  and  rear  sights  were  replaced 
with  adjustable  front  and  rear  sights.  The  mode  selector  switch  was  modi¬ 
fied  to  reflect  the  real  M16E1  mode  positions;  ti)e  trigger  mechanism  was 
modified  for  better  performance;  microswitches  for  the  trigger  and  mode 
selector  switch  were  installed;  and  magazine  sensing  contacts  were  in¬ 
stalled  for  reloading  simulation. 

An  optical  four-quadrant  detector  and  optics  are  mounted  above  the 
barrel  and  below  the  sights.  A  solid  state  laser  and  optics  for  point  of 
aim  information  has  been  inserted  in  the  flash  hider  position. 

Air  for  the  recoil  and  electronic  wiring  approach  the  rifle  from  the 
bottom  rear  of  the  butt  of  the  rifle.  The  true  weight  of  the  M16E1  was  re¬ 
stored  by  removing  unused  mechanism  from  the  upper  receiver.  The  true  bal¬ 
ance  was  maintained  through  equal  weight  additions,  i.e.,  the  detector/ 
laser  combination  at  the  front  end  of  the  rifle  offset  the  hose  and  elec¬ 
tronic  wire  harness  at  the  butt  end  of  the  rifle. 

Special  test  equipment  is  included  in  Appendix  B. 

G.  MICROCOMPUTER  CONTROL  SYSTEM 

The  0080  Microprocessor  Based  Control  System  performs  these  functions: 

•  Interrogates  the  instructor  for  session  parameters 

•  Stores  session  parameters  for  final  hard  copy 

•  Determine?  if  self-check  is  desired,  and  reacts  accordingly 

•  Initializes  peripheral  LSI  chips  and  zeros  memory  storage 

•  Inputs  rifle  data,  decodes  and  stores  it 

•  Measures  response  time  for  first  rifle  shot  at  new  target  for 

each  of  four  or  five  rifles 

•  Outputs  shot  results  to  audio  feedback  and  instructor's  CRT 

•  Identifie.  shocter  making  most  errors  and  sends  the  identifica¬ 
tion  to  the  instructor's  console  "LEDS" 

•  Updates  shooter's  results  file 
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Checks  for  sessi  n  end  and  terminates  the  data  collection  mode 
upon  tie  instruc  or’s  signal 

Computes  trainee's  overall  score 


•  Prints  trainee's  results  on  the  instructor's  electronic  data  ter¬ 
minal 

1.  SINGLE  BOARD  COMPUTER 

The  UIWT  Sy  tern  is  controlled  by  a  modified  INTEL  80/20-4  Microcompu¬ 
ter  System,  Reference  6.  This  microcomputer  system,  which  is  based  on  the 
INTEL  8080  microprocessor ,  includes  an  enclosure  with  front  panel  controls, 
power  supply,  cooling  fans,  and  a  card  cage  in  which  is  located  the  main 
H0/20-4  board  as  well  as  the  interface  board  (IFB),  which  is  described  below. 

a.  80/20-4  MODIFICATIONS 

A  numb  ir  of  modifications  are  required  before  the  SBC  80/20-4  can 
be  used  in  UIWT/ >WAT  Version  1.2.  These  are  detailed  below  with  page  iden¬ 
tifications  to  ho  found  ir  Reference  6  unless  otherwise  noted. 

(1)  Pull -i p  resister  packs,  SBC-902,  page  2-5,  must  be  in¬ 
serted  in  socket  A5  and  Af  as  input  terminators  for  port  2  at  address  E6. 

These  terminators  were  suf plied  with  the  80/20-4  systems  as  Beckman  part 
number  1899-747-0,  3000641-01. 

(2)  Insert  inverting  line  drivers,  either  #7437  or  #7400, 
in  sockets  A3,  A4,  A9  and  A10  for  output  ports  3  and  6  at  addresses  E6  and 
EA.  See  pages  2-4  and  4-14. 

(3)  Solder  A  jumper  between  J3-8  and  J3-10  using  the  solder 
points  on  the  rear  side  of  the  board.  This  connects  "Request  to  Send"  to 
"Clear  to  Send".  See  Table  2-5,  page  2-7. 

4)  Wire  wrap  A  jumper  from  pin  1,  a  5  volt  source,  near 
J3  pin  #25  and  voider  it  to  a  through  hole  just  below  "C9"  between  A15  and 
A16  on  the  front  of  the  board.  This  should  put  5  volts  onto  J3-16  "REC 
LINE  SIG  DETECT'  which  goes  to  the  "DATA  CARRIER  DETECT"  of  the  743  TI  ter¬ 
minal.  Otherwie  the  terminal  will  not  function.  See  page  27  of  Reference  1. 

'5)  Change  the  wire  wrap  jumper  which  exists  between  pins 
141-142  just  abi  ve  A22,  the  8253,  to  a  jumper  between  pins  141-143.  This  is 
an  option  which  connects  the  clock  input  for  counter  1  of  the  8253  to  the 
output  of  counter  0.  See  page  4-21. 

(6)  Interconnect  wire  wrap  pins  11  and  12  near  the  upper 
right  hand  corner  of  the  board.  These  are  the  protect  and  signal  grounds 
for  the  TI  743  terminal.  See  page  27  of  Reference  1. 

i'7)  Scratch  through  the  line  going  from  the  transmit  data 
(TXD) ,  pin  19  o  the  8251  USART,  to  the  SN75188  (MC1488)  line  driver.  Con¬ 
nect  the  8251  s  de  to  Jl-50  with  a  jumper  wire  and  connect  the  driver  side 
to  J2-50.  This  allows  the  interface  board  to  switch  the  serial  output  be¬ 
tween  the  VOTRA;  and  the  control  console. 
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(8)  Remove  the  jumper  from  wire  wrap  pins  52-53,  located 
just  below  the  left  part  of  the  leftmost  8255  and  put  a  jumper  between 

pins  51-52.  This  enables  port  1  as  an  input.  See  Figure  5-2  (sheet  4  of  5), 
Check  that  a  jumper  exists  between  pins  71-72  to  enable  port  4  as  an  output. 

(9)  Connect  the  80/20-4  front  panel  interrupt  switch  into 
the  interrupt  controller  as  interrupt  #7.  To  do  this,  connect  pins  36,  37, 
>8,  and  39  together  and  also  to  pin  #45. 

(10)  Make  the  required  modifications  to  use  2716  2K  byte 
EPROMS.  These  are  given  in  Table  2-12,  which  is  entitled  "Jumper  Changes 
For  Optional  8K  EPROM  Installation".  See  page  2-15. 


REMOVE  INSTALL 

W2,  A-C  W2 ,  A-B 

W4,  B-D  W4,  A-D 

W4 ,  C-E  W4 ,  B-E 

W7 ,  A-B  W7 ,  A-D 

W8,  A-C  W8,  A-B 

C35,  53  and  72 

THE  INTERFACE  BOARD 


Between  A45  and  A46 
Above  A78 
Above  A78 
Below  A79 
Below  A79 

Above  A37  and  Below  A64  and  A79 


All  input/output  (I/O)  operations  of  the  SBC  80/20-4  microcomputer 
pass  through  the  interface  board  (IFB).  These  operations  can  be  divided 
into  three  categories. 

•  Rifle  communications 

•  I/O  through  the  8751  "USART" 

•  Output  through  the  UPI-41,  8741  Universal  Peripheral  Interface 

Figure  1 1 1-15  is  a  block  diagram  of  these  data  paths  and  their  asso¬ 
ciated  control  lines.  More  details  are  shown  on  Figure  III-16  through 
1 11-19. 

a.  RIFLE  COMMUNICATIONS 

IR  spot  quadrant  detector  data  are  input  from  each  rifle  to  a 
separate  8212  eight-bit  input/output  port  chip  on  the  IFB.  A  trigger-pull 
signal  is  also  sent  from  each  rifle  to  its  associated  8212.  Upon  sensing 
a  trigger  signal,  the  quadrant  data  are  latched  into  the  8212  buffer  and 
an  interrupt  signal  requesting  service  is  output  from  the  8212  to  the  main 
board  through  input  port  1.  The  service  request  lines  from  all  five  8212s 
are  "ORED"  together  onto  a  single  line  which  also  goes  to  port  1  to  signal 
that  at  least  one  8212  requires  service.  AS  long  as  this  ORED  line  indi¬ 
cates  a  service  need,  the  microcomputer  polls  each  8212  service  request 
line  in  turn.  When  one  is  detected  that  needs  service,  the  address  of  the 
8212  responsible  for  the  request  is  output  from  port  3  on  the  main  board 
to  a  9311  one-of-sixteen  decoder  on  the  IFB.  A  data  read  signal  is  then 
output  from  port  6  to  the  9311,  which  commands  the  8212  to  place  the  con¬ 
tents  of  its  latched  buffer  on  the  common  data  bus. 
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RIFLE  1R  SENSOR  QUADRANT  DATA  A 
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Figure  1 1 1-1 5.  80/20-4  Main  and  Interface  Boards 
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Figure  1 1 1 - 1 9 .  Interface  Board  Schematic  (3  of  3) 


Each  of  toe  ot  ier  four  unaffected  8212  chips  may  also  contain 
data,  hut  are  held  temporarily  in  an  inactive  "three-state"  and  present 
a  high  impedance  load  to  the  hus.  The  only  quadrant  data  available  at 
the  main  board  port  2,  therefore,  are  from  the  8212  being  serviced.  These 
rata  are  read  into  memor/  and  the  data  read  signal  to  the  9311  is  removed. 
This  removes  the  read  ccnmand  to  the  8212  and  clears  its  interrupt  service 
request.  A  pulse  is  then  sent  from  port  6  to  the  9311  which  issues  a  re- 
• et  signal  from  the  IFB  to  the  rifle  electronics  associated  with  the  ser- 
\ iced  8212. 

The  serviced  8212  is  now  in  three  state,  its  service  request  line 
is  off  and  it  is  ready  to  latch  in  new  data  upon  receiving  the  next  trigger- 
pull  signal.  In  tha  meantime,  if  other  8212  chips  need  service  as  indicated 
by  assertion  of  the  ORED  line,  the  computer  polls  the  next  8212  interrupt 
line.  If  it  needs  service,  the  process  is  repeated;  if  not,  the  next  8212 
service  line  is  polled  in  sequence.  This  continues  until  the  ORED  service 
line  goes  off  and  the  computer  moves  ahead  with  the  remainder  of  the  program. 

A  "Target  Present"  signal  from  the  IR  spot  projector  is  carried 
directly  through  the  interface  board  to  the  main  board  through  input  port  2. 
The  target  present  information  is  recorded  and  used  during  scoring  to  iden¬ 
tify  a  valid  target. 


b.  USART  I/O 

The  control  tet 
a  rate  of  300  bits  per  $ 
training  session,  the  con 
the  8251  programmable  CO" 
chronous  Recei ver/Transm i 
fore,  is  able  to  carry  oi 
order  to  obtain  "initial i 
questions  the  squad  lead^ 


eminal  is  an  electronic  data  terminal  operating  at 
;cond.  Reference  1.  At  the  initiation  of  each 
mputer  connects  the  output  serial  data  stream  from 
immunication  interface  or  Universal  Synchronous/Asyn- 
itter  (USART)  to  the  terminal.  The  computer,  there- 
n  a  two-way  conversation  with  the  squad  leader  in 
ization"  data  as  shown  on  Figure  6.  The  computer 
or  and  prompts  for  answers  by  issuing  the  character 


During  the  actial  training  session,  the  USART  output  is  switched 
to  the  digitized  word  audio  system.  When  the  session  is  finished,  the  squad 
leader  strikes/presses  the  start/print  button  on  the  instructor's  console 
and  USART  output  is  again  directed  to  the  terminal  which  types  out  hard  copy 
scores,  as  also  shown  on  Figure  1 1 1-20. 

c.  UP 1-41  MICROCOMPUTER  OUTPUT 


During  a 
from  port  6  of  the 
pheral  Interface  SI 
codes  the  parallel 
the  console  CRT.  T 
score  message  and  < 
priate  rifle.  The 
one  for  each  rifle 
scores  for  any  or 


training  session,  console  CRT  data  are  output  in  parallel 
30/2C-4  single  board  computer  to  an  8741  Universal  Peri- 
ave  Microcomputer  (UPI-41)  on  the  IFB.  The  UPI-41  de¬ 
data  and  sends  a  19,200  BAUD,  7  bit  ASCII  data  stream  to 
he  console  CRT  translates  the  serial  data  stream  into  a 
i splays  the  message  in  the  column  reserved  for  the  appro- 
UPI-4!  also  monitors  the  setting  of  5  control  switches, 
which  allows  the  squad  leader  to  inhibit  the  display  of 
11  rifles. 
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WANT  ID  YES  OR  NO 
NO 

LET'S  START 


RIFLE:  I 

YOUR  RESULTS  ARE: 

TOTAL  SHOTS:  99 
HITS:  16 
MISSES:  29 
LOWS:  2 
LOW  RIGHTS: 

RIGHTS:  6 
HIGH  RIGHTS:  3 
HIGHS:  4 
HIGH  LEFTS:  8 
LEFTS:  22 
LOW  LEFTS: 

NO  TARGET:  9 
TARGETS  IGNORED:  8 
TARGETS  SHOT  AT:  30 
AVERAGE  TIME:  1.2  SECONDS 

OH  WELL:  THERE'S  HOPE  IF  YOU  SPEED 
YOUR  OVERALL  SCORE  IS:  37 


"INITIALIZE"  PORTION  OF  TRAINING 
SESSION 


SESSION  PROPER. 

NO  OUTPUT  TO  TERMINAL  .  OUTPUT 
IS  VIA  VOTRAX  DIGITIZED  AUDIO 
WORDS  &  CONSOLE  CRT.  THIS 
PHASE  IS  TERMINATED  BY  AN 
INTERRUPT  FROM  TERMINAL. 


"PRESENTATION  OF  RESULTS" 


Figure  III -20 .  ypic;  1  Printout  Format  on  Terminal 
iCont  nues  for  all  4  rifles) 
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The  UP  I -4  I  sysi  em  description  is  divided  into  four  parts:  part 
1,  a  functional  sumnary  ,  nd  a  component  interface  description  are  presented. 
Performance  criterii  are  also  established  in  this  section.  Part  2  describes 
the  facilities  available  within  the  UP 1-41  and  explains  their  use  in  the  pre¬ 
sent  application.  9art  describes  the  UP I -4 1  control  program  and  part  4 
evaluates  the  systen  wit  respect  to  assumption  validity,  performance  criteria, 
and  maximum  system  :apab 1 1 ities.  The  source  program  is  given  in  Appendix  D. 

d.  UPI-11  Mil  ROCOMPUTER  OUTPUT  II 

(1)  Syst  m  Description 

The  function  of  the  intelligent  controller  is  to  receive  paral¬ 
lel  data  from  the  S3C  80'20,  decode  the  data,  and  cause  a  message  to  appear 
on  the  ADM-3A  screen  bas'd  upon  the  content  of  the  data  received.  The  con¬ 
trol  switch  settings  alsi  affect  controller  operation,  but  only  secondarily. 

A  block  diagram  showing  the  system  component  relationships 
appears  in  Figure  1 11-21 . 


INTELLIGENT 

CONTROLLER 


CONTROL 

SWITCHES 


Figure  1 1 1 -21 .  UPI-41  Intelligent  Controller  System  Block  Diagram 
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The  following  describes  the  three  component  interfaces  shown 
in  the  figures:  SBC  80/2C  to  controller,  controller's  to  ADM-3A,  and  con¬ 
trol  switches  to  controls  r. 

(a)  FBC  80/20  To  Controller  Interface 

The  SI X  80/20  to  controller  interface  is  comprised  of 
three  sets  of  connections  The  first  set,  consisting  of  8  data  lines  and 
1  control  line,  are  the  data  transfer  connections.  The  second  set  consists 
of  the  clock  co;  nections  while  the  third  set  consists  of  only  one  connection, 
the  initial izat  on  connexion. 


Data  Transfer  Connections 

The  8  data  lines  of  the  data  transfer  set  connect 
an  8  bit  output  port  on  tie  SBC  80/20  to  the  8  bit  Interface  Register  of 
the  UPI-41.  Thre  are  sic  1/0  ports  on  the  SBC  80/20  numbered  1  through  6 
(1).  These  ports  are  divided  into  the  Group  A  ports,  1-3,  and  the  Group  B 
ports,  4-6.  Each  port  group  corresponds  to  a  single  8255  Programmable  Peri¬ 
pheral  Interface,  PPI.  Fort  4  of  Group  B  is  programmed  as  an  output 
port  and  used  for  the  SBC  80/20  to  UPI-41  data  connection. 

To  transmit  data  to  the  UPI-41,  the  SBC  80/20 
places  data  on  oort  4  and  sends  a  Data-Available  pulse  to  the  UPI-41  over 
the  control  lino.  The  Data  Available  pulse  is  software  generated  and  is 
transmitted  through  port  1  of  Group  A  8255.  The  length  of  the  Data  Available 
pulse  is  set  by  the  time  'equi^ed  to  execute  the  instructions  necessary  to 
change  the  logic  level  of  the  :ontrol  line  twice,  first  from  high  to  low, 
then  from  low  to  high.  F )r  th?  SBC  80/20  this  results  in  a  10  microsecond 
pulse.  The  maximum  pulse  length  to  the  UPI-41  is  set  at  twice  the  instruc¬ 
tion  cycle  length,  or  6.5  microseconds;  therefore,  the  10  microsecond 
Data  Available  pulse  is  sent  to  the  one  shot  within  the  controller  where  it 
is  shortened  to  1  microsecond.  The  1  microsecond  pulse  from  the  one  shot 
supplies  the  WR  input  to  the  UPI-41.  On  the  rising  edge  of  this  pulse  the 
data  on  the  SBC  80/20  outout  port  is  latched  into  the  UPI-41  Interface  Regis¬ 
ter.  SBC  80/20  to  controller  data  transfer  connections  are  illustrated  in 
Figure  III-22. 


Each  byte  of  data  transferred  from  the  SBC  80/20 
to  the  UPI-41  contains  two  kinds  of  information  encoded  into  separate  fields 
within  the  byte.  The  three  most  significant  bits  contain  a  source  identi¬ 
fier  encoded  in  straight  binary,  and  the  four  least  significant  bits  contain 
a  message  identifier,  also  in  straight  binary,  see  Figure  III -23 .  Bit  four 
is  not  used. 


The  rate  of  data  transfer  from  the  SBC  80/20  to 
the  controller  can  be  characterized  by  three  separate  data  transfer  rates  of 
which  the  last  two  will  be  of  interest.  The  first  two  rates  are  determined 
by  the  SBC  80/20  input  configuration,  Figure  III -24 ,  while  the  third  is  de¬ 
termined  by  the  input  configuration  in  combination  with  the  SBC  80/20  data 
processing  rate. 


The  SBC  80/20  input  configuration  consists  of  5 
input  sources,  /here  each  source  contains  a  data  latch  and  a  service  request 
line.  When  data  is  latched  into  one  of  the  sources,  the  SBC  80/20  receives 
a  service  request  signal  from  that  source.  For  each  service  request  that 
the  SBC  80/20  responds  to,  a  data  byte  will  be  sent  to  the  controller. 
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Figure  1 1 1-22.  SBC  80/20  to  Controller 
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Figure  I  1-23.  SBC  80/20  to  UPI-41  Data  BYTE 
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Figure  II  -24.  SBC  80/20  Input  Source  Configuration 
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The  first  data  transfer  rate  is  the  average 
transfer  rate  and  occurs  when  the  5  sources  are  initiating  service  re¬ 
quests  at  their  norminal  rate.  The  second  data  transfer  rate  is  a  peak 

average  rate,  and  occurs  when  all  5  sources  are  initiating  service  re¬ 

quests  at  their  maximum  rate  of  12  per  second.  This  condition  results 
in  a  peak  average  rate  of  12  x  5,  or  60  transfers  per  second.  The  third 
data  transfer  rate  is  the  maximum  rate,  and  occurs  anytime  there  are  sim¬ 
ultaneous  service  requests  to  the  SBC  80/20.  This  rate  is  determined  by 
the  processing  rate  of  the  SBC  80/20.  Analysis  using:  (1)  real-time 
emulation  under  control  of  Intel's  In  Circuit  Emulator,  ICE-80,  (2)  tabu¬ 
lation  of  instructions  executed  and  their  execution  time  and  (3)  experi¬ 
mental  determination,  indicates  that  the  SBC  80/20  processing  rate  is 
approximately  200  inputs  per  second. 

As  indicated  before,  the  peak  average  transfer 
rate  of  60  transfers  per  second,  and  the  maximum  transfer  rate  of  200 
transfers  per  second  are  the  relevant  quantities  characterizing  the  data 
transfer  interface. 


To  keep  up  with  the  SBC  80/20  over  extended  per¬ 
iods,  the  processing  rate  of  the  UPI-4I  must  equal  or  exceed  the  SBC  80/20 
peak  average  transfer  rate,  and  to  keep  up  with  the  SBC  80/20  when  simul¬ 
taneous  service  requests  have  occured,  the  reception  rate  of  the  UP I -41 
must  equal  or  exceed  the  SBC  80/20  maximum  transfer  rate. 

The  requirement  on  the  UPI-41  processing  rate  will 
be  used  in  the  sequel  to  determine  the  baud  rate  used  in  the  controller  to 
ADM-3A  interface,  while  the  requirement  on  the  UPI-41  reception  rate  will 
be  used  to  establish  the  necessity  of  a  data  queue  within  the  UPI-41. 

One  final  point  is  that  there  are  no  provisions 
for  the  UPI-41  to  indicate  that  it  is  ready  to  accept  a  data  transfer  from 
the  SBC  80/20.  Thus,  the  data  queue  mentioned  above  will  be  filled  by  an 
interrupt  driven  procedure.  This  technique  will  assure  that  a  data  byte 
has  been  removed  from  the  Interface  Register  before  an  additional  data 
transfer  can  occur. 


2^.  Clock  Connections 

The  clock  connections  supply  the  UPI-41  clock  in¬ 
puts,  XI  and  X2.  A  single  line  from  the  SBC  80/20  supplies  the  controller 
with  a  9.216  megahertz  clock  which  the  SBC  80/20  makes  available  as  the 
BCLK  output.  Within  the  controller,  the  BCLK  frequency  is  divided  in  half 
by  a  7474D  flip  flop.  This  division  is  necessary  to  bring  the  BCLK  fre¬ 
quency  within  the  1  to  6  megahertz  operating  range  of  the  UPI-41.  The  Q 
and  Q0  outputs  of  this  flip  flop  supply  the  UPI-41  inputs,  XI  and  X2,  with 
a  180°  out  of  phase  4.608  megahertz  clock.  While  the  UPI-41  is  capable  of 
generating  its  own  clock  by  connecting  a  crystal  to  the  XI  and  X2  inputs, 
tne  BCLK  frequency  is  used  since  the  standard  asynchronous  communication 
frequencies  can  be  derived  from  it.  The  clock  connections  are  shown  in 
Figure  II I -25. 
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Figure  I I 1-25 .  SBC  80/20  to  Controller  -  Clock  Connections 

3.  Initialization  Connection 

The  initialization  connection  is  between  I NIT  out¬ 
put  of  the  SBC  30/20  and  the  RE$tT  input  of  the  UP I -41 .  A  low  going  pulse 
on  this  line  causes  the  c  )ntrol  program  of  the  UPI-41  to  begin  execution 
at  location  0. 


(b)  Controller  to  ADM-3A  Interface 

The  controller  to  ADM-3A  interface  consists  of  a  single  line 
which  originates  from  line  0  to  port  1  on  the  UPI-41,  passes  through  the 
75188  inverting  line  driver,  and  terminates  on  the  Receive  Data,  RXD,  input 
of  the  ADM-3A.  The  line  driver  converts  the  TTL  output  of  port  1,0-5 
volts,  into  RS-232C  logic  levels  of  ±  12  volts. 

Information  is  transmitted  from  the  UPI-41  to  the  ADM-3A 
serially  using  7  bit  ASCII  code  under  the  RS-232C  communication  protocol. 

For  this  application,  the  number  of  bits  per  character  has  been  minimized  by 
using  a  single  stop  bit  and  no  parity  bit.  For  a  given  serial  transmission 
rate  this  configuration  will  result  in  the  fastest  possible  character  trans¬ 
mission  time.  This  time  is  an  important  consideration,  as  each  parallel 
byte  received  by  the  controller  from  the  SBC  80/20  will  require  a  22  char 
acter  message  to  be  transmitted.  With  the  single  start  bit,  the  9  bit  ser¬ 
ial  character  appears  as  shown  in  Figure  III -26 . 
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Figure  II 1-26.  Serial  Transmission  Character 

Each  data  byte  received  by  the  UPI-41,  except  as  noted  in  the 
next  section  causes  a  string  of  9  bit  characters  to  be  sent  from  the 
UPI-41  to  the  ADM-3A,  a  24  line  by  80  character  CRT  display. 

The  function  of  the  A0M-3A  is  to  provide  three  kinds  of  informa¬ 
tion  i.oncerning  the  SBC  80/20  inputs  to  an  observer.  The  ADM-3A  displays 
a  message,  indicates  the  SBC  80/20  source  corresponding  to  the  message, 
and  reflects  the  o  der  of  input  occurrence.  The  message  is  indicated  by 
the  characters  dis  ilayed  on  the  screen.  The  source  is  indicated  by  divid¬ 
ing  the  ADM-3A  screen  into  5  columns  of  equal  width,  with  the  first  column 
reserved  for  source’  1  messages,  the  second  column  for  source  2  messages, 
and  so  on  for  the  ?ive  source..  The  order  of  inputs  is  indicated  by  scroll¬ 
ing  the  display  1  line  each  time  a  message  is  displayed. 

For  a  screen  width  of  80  characters,  and  not  allowing  an  overlap 
of  columns,  the  message  field  for  each  source  is  limited  to  the  integer 
portion  of  80/5,  or  16  characters.  The  ADM-3A  screen  use  is  illustrated 
in  Figure  1 1 1-27 . 

To  implement  the  function  of  the  ADM-3A  as  described  above  requires 
that  22  characters  be  sent  to  the  ADM-3A  for  each  SBC  80/20  to  controller 
transfer.  The  22  :haracters  are  sent  in  3  groups:  a  cursor  control  group, 
a  message  group,  and  a  display  control  group. 

The  first  group  sent,  the  cursor  control  group,  contains  four 
chara  ters  which  c  iuse  the  cursor  to  the  ADM-3A  to  position  itself  at  the 
beginning  of  one  of  the  five  message  columns.  The  first  two  control  charac¬ 
ters  escape"  and  'equals",  activate  the  ADM-3A  cursor  positioning  logic, 
while  the  next  two  characters  are  interpreted  as  the  X  and  Y  coordinates  of 
the  nev  cursor  position,  respectively.  The  Y  coordinate  sent  is  always  the 
ame,  137H,  and  selects  the  bottom  line  of  the  display.  The  X  coordinate 
s  determined  by  the  SBC  80/20  input  source. 

The  secmd  gr  >up  sent,  the  message  group,  contains  16  characters, 
hese  haracters  will  b*  printed  on  the  screen  of  the  ADM-3A  in  the  message 
ield  /hose  beginning  wts  established  by  the  cursor  positioning  control 
■  roup . 
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The  third  group  sen:,  the  display  control  group,  contains  the  re¬ 
maining  2  characters.  These  characters,  a  carriage  return  and  line  feed, 
cause  the  display  to  scroll  u.>  one  line  in  preparation  for  the  next  control 
gr'  up  1  sequence. 

The  compl  >te  21  characters  string  appears  as  shown  in  Figure  111-28. 


CONTROL 
GROUP  1 


DATA  •  •  •  Ju*‘ 


GR-  i- •♦* 


ODH  OAH 


CONTROL 
GROUP  2 


Figure  111-28.  Ch  racter  String  Transmitted  to  ADM-3A 

The  final  aspe<  t  ot  the  controller  to  ADM-3A  interface  is  the  ser¬ 
ial  transmission  rate  to  be  used.  Havinq  now  established  (1)  the  number  of 
haracters  sent  by  the  centre  Her  to  the  ADM-3A  per  SBC  80/20  input,  (2)  the 
number  of  serial  bits  pet  charactir,  9,  and  (3)  the  U P I -41  processing  rate 
requirement,  60  transfer  /sec,  a  minimum  serial  transmission,  or  baud,  rate 
can  be  computed  as: 


minimum  baud  rate  = 


22  cnaracters/SBC  80/20  transfer  x 
9  bits/character  x 
60  SBC  80/20  transfers/second 


■  r  11,880  bits  per  second.  The  next  highest,  indeed  the  highest,  baud  rate 
it  which  the  ADM-3A  can  receive  data  is  19,200  baud.  This  value  must  neces¬ 
sarily  be  chosen  as  the  data  transmission  rate. 

(c)  Control  Switches  to  Controller  Interface 

The  control  switches  to  controller  interface  is  a  5  line  connection 
between  5  control  switch  outputs  and  the  5  least  significant  inputs  of  port 
2  on  the  'JPI-41.  The  design  of  port  2  on  the  UPI-41  is  such  that  if  nothing 
is  connected  to  a  port  line,  the  line  will  read  as  a  logic  one,  whereas,  if 
the  line  is  grounded  through  a  lk  resistor,  the  port  will  read  a  logic  zero 
(3).  The  control  switch  to  controller  connections  are  shown  in  Figure  1 1 1 -29 . 

During  the  pro<essing  of  a  data  byte  by  the  UPI-41,  the  binary 
source  identifier  is  translated  into  a  linear  select  code  which  is  then  com¬ 
pared  with  the  switch  setting  on  port  2.  If  the  switch  corresponding  to  the 
source  identifier  is  set  in  the  abort  position,  a  logic  0  is  present  and  a 
me' sage  will  not  be  sent.  This  is  the  exception  referred  to  in  the  controller 
to  ADM-3A  interface  description.  If  the  switch  is  set  in  the  display  position 


a  logic  true  will  be  present  and  a  message  will  be  sent. 

This  concludes  the  overall  system  description.  The 
next  two  sections  will  describe  the  principle  device  within  the  intelli¬ 
gent  controller,  the  UP  I -41  single  chip  microcomputer. 


Figure  III -29 .  Control  Switches  to  Controller  Interface 

e.  UP  I -41  ’MICROCOMPUTER  OUTPUT  II 

The  UP  1-41  single  chip  microcomputer  provides  the  intelli¬ 
gence  of  the  intelligent  controller.  The  block  diagram  in  Figure  III- 
30  illustrates  the  facilities  available  within  the  UPI-41 . 

As  described  in  the  previous  section,  the  interface  register 
is  used  for  communication  with  the  SBC  80/20,  port  1  is  used  for  com¬ 
munication  with  the  ACM-3A,  and  port  2  is  used  for  communication  with 
the  control  switches. 

Program  memory  is  divided  into  4  pages  of  256  bytes  each. 
These  pages  are  numbered  0  to  3.  Page  0  contains  the  main  loop  of  the 
control  program,  while  page  1  contains  the  various  subroutines  called 
by  the  main  loop.  Page  3  has  a  special  feature  in  that  data  bytes  can 
be  transferred  from  it.  to  the  accumulator  using  the  current  value  of 
the  accumulator  as  a  pointer.  This  "table  lookup"  feature  is  used  to 
access  the  message  strings  which  are  sent  to  the  ADM-3A.  16  messages 
of  16  characters  each  are  stored,  using  all  256  bytes  within  the  page. 
Program  memory  configuration  is  shown  in  Figure  I I I -31 . 
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Figure  1 1 1-31  UPI-41  Control  Program  Memory  Map 

RAM  within  the  UPI-41  serves  three  purposes:  it  contains 
the  registers,  the  subroutine  and  interrupt  stack,  and  the  variable 
data  storage  locations.  The  distribution  of  the  64  RAM  locations  be¬ 
tween  these  three  functions  is  shown  in  Figure  1 1 1 -32 . 

The  registers  in  bank  0  are  designated  R0-R7,  while  those 
in  bank  1  are  designated  R0 ' -R7 * .  Only  one  register  bank  at  a  time 
ran  be  addressed.  Bank  selection  is  accomplished  by  executing  a  spe- 
■ : a i 1  select  register  bank  X,  SELRBX,  instruction  where  X  is  either  0 
>r  1.  The  registers  of  bank  0  are  used  for  data  processing  and  message 
transmission,  while  those  of  bank  1  are  used  for  queue  control. 

The  UPI-41  contains  a  rather  sophisticated  timer  which  was 
evaluated  for  use  as  the  bit  interval  generator  for  UPI-41  to  ADM-3A 
serial  transnission.  As  several  difficulties  were  encountered,  the 
use  of  the  timer  while  representing  a  possible  area  for  future  research, 
was  rejected  in  favor  of  a  software  timing  approach.  The  software  tim¬ 
ing  routine  will  be  described,  along  with  the  rest  of  the  UPI-41  con¬ 
trol  program,  in  the  next  section. 
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f.  UP I -41  CONTROL  PROGRAM  IV 


The  UPI-41  program  is  written  in  MCS-48/UPI-41  assembly  lan¬ 
guage.  It  was  assembled  using  a  cross  assembler  operating  on  an  Intel 
Microcomputer  Development  System,  MDS-800.  The  machine  code  was  burned 
into  the  EPROM  program  memory  of  the  UPI-41  using  an  Intel  Universal 
Prom  Programmer  and  the  Universal  Prom  Mapper  Software.  The  assembly 
of  the  program  and  the  burning  of  the  EPROM  were  done  under  control  of 
the  Intel  System  Implementation  Supervisor,  ISIS  II,  operating  from  an 
Intel  Dual  Floppy  Disk  Drive. 

The  program  description  is  divided  into  three  parts: 

•  Initialization  procedures 

•  Data  reception  and  storage 

t  Data  decode  and  message  transmission 

The  program  listing  is  located  in  Appendix  "D",  flowcharts  ap¬ 
pear  in  Figures  II 1-33  through  III -35. 

(1)  Initialization  Procedures 

The  first  section  of  the  UPI-41  program  performs  func¬ 
tions  which  are  necessary  prior  to  data  reception.  These  functions  are 
the  initialization  of  registers  and  the  initialization  of  the  ADM-3A 
screen.  The  values  placed  in  the  various  registers  will  be  explained 
as  they  are  encountered  within  the  program.  The  screen  initialization 
procedure  consists  of  clearing  the  screen  and  positioning  the  cursor  in 
the  bottom  left  hand  corner.  The  screen  is  cleared  by  transmitting  a 
special  character,  01  AH,  to  the  ADM-3A,  while  the  cursor  is  posi¬ 
tioned  using  the  4  character  cursor  positioning  sequence  described  pre¬ 
viously  in  the  controller  to  ADM-3A  interface  section. 

As  the  final  step  in  the  initialization  procedures,  the 
UPI-41  enables  itself  to  data  reception  by  outputting  a  logic  zero  to 
port  2  line  7.  This  port  line  is  connected  to  the  UPI-41  chip  select, 
C?,  input.  Since  all  port  lines  are  in  the  logic  high  state  following 
a  system  reset,  UPI-41  input  is  disabled  until  the  output  instruction 
is  executed. 

(2)  Data  Reception  and  Storage 

When  data  is  written  into  the  UPI-41  interface  register 
by  the  SBC  80/20,  an  interrupt  request  is  generated.  Upon  recognition 
of  the  interrupt,  the  interrupt  vector  jump  at  locations  3  and  4  in 
program  memory  is  executed,  and  the  interrupt  service  routine,  lines 
118  through  134  in  Appendix  "D",  is  entered.  The  interrupt  routine  in¬ 
puts  the  data  from  the  interface  register  and  places  the  data  in  a 
queue.  A  flowchart  of  the  interrupt  service  routine  appears  in  Figure 
1 1 1-34 . 
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-Igure  II I -33.  UF 1-41  Control  Program  Flowchart  Processing  Loop 
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Figure  III -35 .  Interrupt  Routine  Flowchart 
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It  was  pointed  out  in  the  section  describing  the  SBC 
80/20  controller  interface  that  the  UP 1-41  reception  rate  requirement 
would  necessitate  the  data  queue.  The  necessity  for  the  queue  can  be 
shown  as  follows: 

Unless  the  19,200  baud  rate  can  meet  the  UP 1-41  reception  rate  require¬ 
ment  as  well  as  the  processing  rate  requirement,  it  is  necessary  to  pro¬ 
vide  a  data  queue  to  prevent  data  from  being  overwritten  in  the  inter¬ 
face  register.  For  this  condition  to  be  met,  the  19,200  baud  rate  must 
be  proportionately  greater  than  the  11,800  minimum  baud  rate  by  at  least 
the  proportion  of  the  reception  rate  requirement  to  the  processing  rate 
requirement,  or 

19,200  M  200 
11,800  =  60 

as  this  is  not  true,  a  queue  must  be  maintained. 


(2) 


To  meet  the  storage  requirements  a  First  In  First  Out,  or 
FIFO,  stack  is  implemented  in  the  variable  data  storage  area  of  the  RAM 
memory.  See  Figure  III -36 .  A  FIFO  stack  allows  data  to  be  retrieved  so 
that  order  of  entry  is  preserved.  The  operation  of  a  FIFO  stack  can  be 
conceptualized  by  considering  a  storage  mechanism  where  data  inputs  are 
stacked  one  on  top  of  the  other  as  they  arrive,  and  where  data  removal 
is  accomplished  by  pulling  from  the  bottom.  As  an  entry  is  removed,  all 
remaining  entries  move  down  one  location.  This  operation  is  illustrated 
in  Figure  1 1 1-36 . 

The  problem  with  this  implementation  is  in  moving  the  re¬ 
maining  data  entries  down.  For  N  remaining  inputs,  the  operation  re¬ 
quires  2N  memory  accesses  and  5N  program  steps  as  shown  below: 

(a)  Increment  pointer 

(b)  Load  data  byte  -  first  memory  access 

(c)  Decrement  pointer 

(d)  Store  data  byte  -  second  memory  access 

(e)  Increment  pointer 
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PUT  — ► 


QUEUE  BASE 


INPUT  N  +  1 

PUT  — ► 

INPUT  N 

INPUT  N  +  1 

INPUT  N 

INPUT  2 

I  |  INPUT  1  | 

INPUT  2 

Figure  1 1 1-36.  Fixed  Bese  FIFO  Operation 

A  more  efficient  algorithm  uses  a  "get  data"  pointer  as 
well  as  the  "put  data"  pointer  used  in  the  implementation  above.  The 
get  data  pointer  allows  the  "bottom"  of  the  stack  to  move  upward  as 
data  is  removed  from  the  stack.  This  eliminates  the  necessity  of  moving 
each  of  the  remaining  inputs  down.  Instead,  the  get  data  pointer  is  in¬ 
cremented  once  each  time  data  is  removed.  The  put  data  pointer  always 
identifies  the  next  location  available  for  data  storage  and  the  get  data 
pointer  identifies  the  location  of  the  next  value  to  be  removed.  The 
only  problem  with  this  implementation  is  that  unless  data  memory  is  in¬ 
finitely  long,  storage  locations  will  run  out  at  some  point.  This  condi¬ 
tion  being  unacceptable,  a  "top-of-stack"  must  be  defined,  and  as  the 
pointers  reach  the  top  they  must  be  wraparound.  In  this  application  the 
top-of-stack  has  been  made  coincident  with  the  top  of  RAM,  making  the 
last  location  address  63  and  giving  a  stack  size  of  ( 63-32)  +1,  or  32 
locations.  As  each  pointer  reaches  location  63,  it  is  returned  to  loca¬ 
tion  32  instead  of  being  incremented  further,  Implemented  in  this  manner, 
the  number  of  steps  required  for  a  data  removal  is  independent  of  N  and, 
for  the  UPI-41,  has  a  maximum  value  of  5  as  indicated  by  lines  85  through 
89  of  the  program  listing. 
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For  either  implementation,  some  way  of  determining  when 
the  stack  is  full  must  he  available.  For  the  two  pointer  implementa¬ 
tion,  the  queue  full  condition  is  easily  detected  by  maintaining  a 
queue  status  value  which  indicates  how  many  entries  are  presently  on 
the  stack.  If  a  check  of  the  queue  status  register  indicates  that  the 
queue  is  full,  additional  data  must  be  rejected  to  avoid  overwriting 
of  the  earliest  entry  with  the  newest  entry.  Since  the  UPI-41  has  been 
designed  to  meet  the  processing  rate  requirement,  it  follows  that  the 
maximum  stack  usage  must  be  less  than  or  equal  to  the  number  of  SBC 
80/20  input  sources,  or  5;  therefore,  the  queue  full  condition  can 
never  occur  in  this  application.  Use  of  the  queue  status  value  in  this 
application,  then,  is  limited  to  determining  when  data  is  available  on 
the  stack.  Figure  1 1 1 -37  illustrates  the  operation  of  the  moving  base 
FIFO  stack. 


The  put  and  get  data  pointers,  the  queue  status,  and  the 
constants  used  to  determine  the  pointer  wraparound  and  queue  full  condi¬ 
tions  are  located  in  register  bank  1.  Also,  since  the  data  reception 
routine  is  entered  in  response  to  an  interrupt,  another  bank  1  register 
is  allocated  for  accumulator  storage.  Finally,  one  register  is  used  for 
temporary  data  byte  storage  during  computations. 
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Figure  1 1 1-37 .  Moving  Base  FIFO  Operation 
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Registers  0  and  >  are  the  only  locations  which  can 
serve  as  pointers  into  the  vani.ible  data  storage  area;  therefore, 
the  get  and  put  data  pointers  are  defined  as  the  contents  of  regis¬ 
ters  0  and  1  respectively,  the  other  locations  are  assigned  arbit¬ 
rarily  as  per  Table  III-l. 

TABLE  III-l.  REGISTER  BANK  1  MAP 


Register 

7' 

Temporary  Storage 

Register 

6' 

Queue  Status  Con.  =  224 

Register 

5’ 

Wraparound  Constant  =  193 

Register 

4’ 

Unused 

Register 

3' 

Accumulator  Storage 

Register 

2' 

Queue  Status 

Register 

1 ' 

Put  Data  Pointer 

Register 

O' 

Get  Data  Pointer 

(3)  Data  Decode  and  Message  Transmission 

Once  data  is  placed  in  the  queue  by  the  interrupt  ser¬ 
vice  routine,  a  check  of  the  queue  status  register,  lines  80  and  81 
of  the  program  listing,  will  indicate  that  data  is  available  for  pro¬ 
cessing.  The  program  will  then  enter  the  main  program  loop,  line  82, 
where  the  data  decode  and  message  transmission  function  begins. 

This  section  of  the  program  can  be  divided  into  3  seg¬ 
ments  : 


(a)  Data  access 

(b)  Source  processing 

(c)  Message  processing 
1_.  Data  Access 

The  function  of  the  data  access  segment  is  to 
remove  a  data  byte  from  the  queue  and  perform  the  transition  between 
register  bank  1  operation  and  register  bank  0  operation.  The  data  re¬ 
moval  steps  are  reminiscent  of  the  steps  performed  in  the  interrupt 
routine,  while  the  bank  transition  is  accomplished  by  placing  the  data 
in  the  accumulator  and  then  selecting  the  new  register  bank.  A  flow¬ 
chart  is  shown  in  Figure  1 1 1-38. 


* 

I 

1 

t 

t 

9 

9 

9 

9 

i 

9 

9 

9 

9 

9 

3 

3 

0 


56 


FETCH  DATA  AT  GET  POINTER 
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Register  bank  0  is  used  for  the  remainder  of 
the  program.  AH  lo<ations  witnin  this  bank  are  assigned  arbitrarily 
as  shown  in  Table  II  -2. 

table  111-2.  register  0  map 


Register  7 

0<ita  Byte 

Register  6 

Message  Length  Constant 

Register  5 

Binary  Source  Identifier 

Register  4 

Linear  Select  Source  Identifier 

Register  3 

Message  Identifier 

Register  2 

Relay  Counter 

Register  1 

Unused 

Register  0 

Serial  Transmission  Counter 

2.  Source  Processing 

The  function  of  the  source  processing  segment, 
lines  93  through  98,  is  to  use  the  source  identifier  portion  of  the 
data  byte  to  (1)  determine  whether  a  message  tranmission  is  desired 
and  (2)  position  the  cursor  at  the  proper  place  on  the  ADM-3A  screen. 
The  source  processinq  segment  culls  three  subroutines;  MASK,  LOCSET, 
and  TAB. 


Subroutine  MASK,  lines  144  through  156,  coverts 
the  binary  source  identifiar  into  the  linear  select  identifier  through 
the  use  of  the  lookup  tabl  a  looted  at  MSKDAT,  line  143.  The  subroutine 
then  performs  the  conparisun  wi :h  the  port  2  control  switch  lines  and 
sets  a  flag  according  to  tie  result. 

Subroutine  LOCSET,  lines  161  through  168,  sends 
the  characters  which  activate  the  cursor  control  logic  and  the  Y  coordi¬ 
nate  value  to  the  ADM-3A. 


Subroutine  TAB,  lines  157  through  160,  converts 
the  binary  source  identifier  into  the  proper  X  coordinate  value  and  com¬ 
pletes  the  cursor  positioning  sequence  by  transmitting  the  coordinate 
value  to  the  A0M-3A. 
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2-  Message  Processing 

The  function  of  the  message  processing  seg¬ 
ment,  lines  99  through  112,  is  to  convert  the  message  identifier  por¬ 
tion  of  the  data  byte  into  the  page  3  address  of  the  message  string, 
output  the  message  string,  scroll  the  ADM-3A  display  one  line,  and 
return  to  the  queue  status  checking  loop. 

The  page  3  address  of  the  message  string  is 
produced  by  multiplying  the  binary  message  identifier  by  16.  Thus, 
the  message  identifier  is  converted  into  the  starting  address  of  a 
16  character  string  which  makes  up  the  message.  The  multiplication 
is  accomplished  by  swapping  the  high  and  low  order  nybbles  of  the  data 
byte  and  then  masking  out  the  low  order  nybble.  This  operation  is 
equivalent  to  four  left  shifts  and,  therefore,  multiplies  the  source 
identifier  by  2^,  or  16. 

Subroutine  STROUT,  lines  169  through  175,  uses 
the  message  address  produced  by  the  preceeding  multiplication  and  the 
string  length  constant  contained  in  register  6  to  control  the  transmis¬ 
sion  of  the  16  character  message  string  to  the  ADM-3A. 

The  CRLF  procedure,  lines  107  through  110, 
cause  the  scroll  of  the  ADM-3A  display  by  sending  the  carriage  return 
line  feed  combination. 

Finally,  register  bank  1  is  selected  so  that 
when  the  jump  at  line  112  occurs  the  register  bank  containing  the  queue 
status  value,  R2',  will  be  addressed  by  the  WAIT  loop. 

This  completes  the  description  of  the  control 
program  except  for  the  subroutine  which  controls  character  transmission. 
This  function  is  accomplished  by  the  OUTPUT  subroutine,  lines  176 
through  191 . 

It  was  noted  in  the  description  of  the  clock 
connection,  section  II,  that  the  4.608  megahertz  clock  input  to  the 
UP  I -41  would  be  used  to  generate  the  proper  communication  frequency. 

The  following  discussion  explains  this  process  and  the  operation  of 
the  OUPUT  subroutine, 

Each  instruction  in  the  UP 1-41  instruction 
set  consists  of  either  1  or  2  instruction  cycles.  Each  instruction 
cycle  consists  of  5  machine  states  and  each  state  consisits  of  3  clock 
periods.  See  Figure  1 1 1 -39 . 
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The  instruction  cycle  execution  raie,  then,  is  1/15  of 
the  input  clock  rate  or  307,200  instruction  cycles  per  second.  The 
instruction  cycle  execution  rate  divided  by  16  produces  the  serial 
transmission  rate  of  19,200  baud.  Therefore,  a  bit  interval,  i.e.» 
the  time  a  serial  bit  should  be  present  on  port  1  during  transmission, 
is  exactly  16  instruction  cycles.  A  9  bit  character  can  be  transmitted 
by  constructing  a  loop  which  places  a  new  serial  bit  on  the  port  1 
transmission  line  every  16  instruction  cycles. 

The  OUTPUT  subroutine.  Figure  III -40,  expects  the  7 
least  significant  accumulator  bits  to  hold  the  7  bit  ASCII  representa¬ 
tion  of  the  character  to  be  sent.  As  9  bits  are  required  to  send  a 
complete  character,  including  the  start  and  stop  bits,  the  8  bit  accum¬ 
ulator  and  the  carry  bit  are  catenated  to  form  a  9  bit  register.  The 
accumulators  most  significant  bit  and  the  carry  bit  serve  as  the  stop 
and  start  bits  respectively.  Once  the  9  bit  register  is  set  up  with 
the  character,  the  bits  are  sent  by  successively  rotating  the  bits  into 
the  least  significant  bit  position  of  the  accumulator  and  then  output¬ 
ting  the  accumulator  to  port  1. 

Instructions  1,  2,  and  3  set  up  the  character,  the  trans¬ 
mission  loop  begins  at  line  180.  Note  that  the  number  of  instruction 
cycles  required  for  each  instruction  in  the  transmission  loop  is  shown 
to  the  right  of  the  instructions. 

for  the  first  eight  bits  transmitted,  program  execution 
proceeds  through  the  steps  indicated  1  through  8.  As  can  be  verified 
by  the  reader,  16  instruction  cycles  are  executed  between  bit  changes. 
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Figure  III -40 .  UPI-41  Character  Transmission  Subroutine 
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Program  flow  for  the  final  bit  proceeds  through  the 
steps  indicated  A  through  E.  While  this  sequence  requires  only  9  in¬ 
struction  cycles,  analysis  of  the  complete  program  shows  that  for  any 
set  of  conditions  a  minimum  of  8  additional  instruction  cycles  will  be 
required  to  reach  the  initial  ouput  instruction  for  a  new  character. 
Thus,  a  minimum  of  9  +  8,  or  17,  cycles  will  be  executed  exceeding  the 
minimum  of  16  by  1  cycle.  But,  as  there  is  no  maximum  length  for  the 
stop  bit  since  its  level  corresponds  to  the  nonactive,  or  "marking" 
state,  the  value  17  is  acceptable. 

The  instruction  executed  just  prior  to  entry  into  the  bit 
transmission  loop  diables  interrupts,  while  the  instruction  just  before 
the  return  reenables  them.  Interrupts  must  be  disabled  during  transmis¬ 
sion  of  a  character  since  the  occurance  of  an  interrupt  service  routine 
would  insert  extra  instruction  cycles,  thereby  destroying  the  integrity 
of  the  software  timing  loop. 

As  a  concluding  remark  on  the  UP I -41  control  program,  it 
is  noted  that  starting  on  page  51  of  the  listing,  a  sample  set  of  mes¬ 
sage  strings  is  shown. 

The  program  listing  referred  to  throughout  this  section 
is  the  assembly  listing  produced  during  the  assembly  of  the  UP 1-41  con¬ 
trol  program  source  file.  This  version  of  the  program  was  used  for  the 
system  evaluation  to  be  presented  in  the  next  section. 

3.  80/80  PROGRAM 

Operation  of  the  80/20-4  Microcomputer  is  directed  by  program  code 
in  three  2716  2KX8  EPROMS.  The  code  was  compiled  from  a  program  written 
in  PL/M-80  language.  Reference  3  gives  a  number  of  PL/M-80  examples. 
While  reference  5  provides  the  language  syntax  and  other  definitions. 

The  overall  program  strategy  is  shown  on  Figure  III -41 ,  with  more 
detail  given  on  Figure  III -42 .  The  program  listing  is  given  in  Appen¬ 
dix  A. 

After  power  has  been  turned  on,  the  program  starts  when  the  80/20-4 
"RESET"  button  is  pushed. 

During  "initialize"  the  program  issues  a  series  of  questions  to 
the  system  console  and  prompts  for  answers  as  shown  on  Figure  1 1 1  -41  . 

If  desired,  the  date,  training  session  number,  and  trainee  names  are 
obtained  and  stored  for  future  reference.  When  all  identification  data 
have  been  collected  and  other  housekeeping  details  completed,  the  pro¬ 
gram  issues  "LET'S  START"  and  the  main  training  session  loop  is  entered. 
This  loop  may  be  executed  along  the  three  different  paths  indicated  on 
the  flowchart.  Figure  1 1 1 -42 . 

If  there  is  no  target  present  on  the  s»  reen  and  no  rifle  trigger 
is  pulled,  i.e.,  no  "action",  then  path  3  w,  11  be  selected  by  program 
logic.  No  data  comments  are  generated  during  early  passes  around  the 
path  3  loop.  Subsequent  "action"  will  cause  flags  to  be  set  and  a  re¬ 
turn  to  path  3  may  result  in  a  comment  of  either  "NO  TARGET"  or  "YOU 
FROZE"  being  sent  to  the  earphones  of  any  erring  trainee.  Correspond¬ 
ing  error  data  are  filled  in  RAM  memory  for  the  identified  trainee 
which  will  lower  his  score  printed  out  after  the  session  ends. 
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Figure  1 1 1 -42 .  Program  Flowchart 
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"ACTION"  is  true  after  a  target  becomes  available  and/or  a  rifle 
is  "I  I  RED*  .  The  session  loop  will  now  pass  through  either  path  1  or  2 
as  dictated  by  program  logic.  This  logic  also  determines  the  proper 
data  to  be  filed  and  comment  to  be  sent  to  the  trainee's  earphones. 

For  example,  if  the  target  disappears  but  the  trainee  persists  in  shoot¬ 
ing  for  more  than  one  second,  then  a  "NO  TARGET"  comment  will  be  sent 
to  the  rifleman,  and  a  negative  score  is  placed  in  his  data  file. 

Operation  remains  locked  in  the  session  loop  until  an  escape  is 
signaled  by  the  squad  leader's  pushing  the  start/print  button.  This 
causes  a  system  interrupt  and  control  passes  to  "PRINT  RESULTS"  which 
produces  output  as  shown  on  Figure  1 1 1-41.  The  program  then  returns 
to  the  "INITIALIZE"  block  and  data  records  are  initialized  in  prepara¬ 
tion  for  the  next  training  session. 

4.  SCORE  DISPLAY  AND  WORST  PERFORMANCE 
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1 
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I 
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The  final  score  for  each  trainee  is  calculated  by  adding  the  fol¬ 
lowing  items: 


100  x  (Hits  per  shot) 

60  x  (Near  misses  per  shot) 


30  if  average  reaction  time  =0.5  seconds,  or 

20  if  average  reaction  time  0.5  but  =  0.9  seconds,  or 

10  if  average  reaction  time  0.9  but  =  1.3  seconds,  or 

0  if  average  reaction  time  1.3  seconds. 

-2  x  (Number  of  targets  ignored) 


I 

I 


When  the  light  emitting  diode  or  "LED"  is  lit  under  a  trainee's 
CRT  column,  he  is  the  "WORST  SHOOTER"  inasmuch  as  he  has  the  highest 
total  of  these  items: 

•  Misses 


1 

3 


•  Shots  with  no  target  present 

•  Targets  ignored  -  PP  the  worst  shooter  is  recomputed  each 
time  a  traget  is  not  present  on  the  screen. 

5.  SELF  CHECK 

The  UIWT  self  check  has  two  parts:  (1)  an  SBC  80/20  check,  and 
(2)  the  interface  board  (IFB)  check.  These  procedures  are  described 
separately. 

a.  SBC  80/20  CHECK 


3 

3 
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The  80/20  single  board  computer  checkout  requires  the  inser¬ 
tion  of  an  INTEL  SBC  416  ROM  extender  board  on  which  is  located  the 
test  program  driver  and  a  duplicate  of  the  UIWTversion  1.2  program. 
The  duplicate  program  is  contained  in  five  2708  ROMS.  These  ROMS  are 
located  at  addresses  through  0C000H,  see  Appendix  C. 


3 

3 
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The-  rU/t’ii  L't-ck  v  if  ms  pruner  ouerati  n  of  t. no  SBJ  memory. 

I/O  ports,  ti  icr  and  LSART.  A  complete  check  requires  about  a  second. 

Fo  run  the  check,  the  norma i  50  pin  connectors  to  "Jl"  and  "J2"  of  the 
JO/ 20  must  bt  removed  and  replaced  with  a  special  test  strap  which  con¬ 
nects  input  terminals  of  Jl  to  output  terminals  on  J2  and  vice  versa 
The  SBC  416  board  must  also  he  inserted  into  the  computer  card  cage. 

While  n  t  necessary,  it  may  he  convenient  to  remove  the  interface  board 
to  avoid  damage  to  the  wire-wrap  pins.  The  UIWT  program  is  started  with 
a  reset  in  the  normal  way.  The  first  thing  that  the  UIWT  program  does  is 
to  determine  if  the  SBC  416  board  is  in  the  card  position  on  the  SBC  416. 
If  the  SBC  416  is  in  place,  the  program  finds  a  "1"  located  at  address 
0C000H.  If  it  is  riot  in  this  location,  no  transfer  acknowledge  signal 
will  be  returned.  After  a  millisecond,  therefore,  the  attempt  is  aborted 
and  a  "00"  is  read  into  the  8080's  accumulator.  The  00  occurs  due  to  the 
IK  pul  1  ups  on  the  inputs  of  inverting  line  drivers.  With  a  1  found  at 
0C00H ,  the  test  program  is  conducted,  while  if  a  00  is  returned,  the 
normal  UIWT  program  starts. 

The  80/20  test  signals  its  completion  by  turning  on  a  "LED"  lo¬ 
cated  near  the  top  right  cirner  of  the  80/20  barod.  if  no  flashes  are 
noted,  the  test  was  completed  in  a  satisfactory  manner.  If  flashes  occur, 
some  trouble  was  uncovered,  the  nature  of  which  is  indicated  by  the  number 
of  quick  fleshes  grouped  together.  The  trouble  code  is: 


1  FLASH  = = 

2  FLASHES  == 

3  FLASHES  == 

4  FLASHES  == 

5  FLASHES  --  = 

6  FLASHES  == 

A  TIMER  TOO  FAST 
6  FLASHES  == 


RAM  FAILURE 
ROM  FAILURE 
1/0  FAILURE 
TIMER  TOO  SLOW 
TIMER  TOO  FAST 
USART  FAILURE 


USART  FAILURE 


A  flash  group  is  sent  for  each  failure  detected,  so  it  is  possi¬ 
ble  that  more  than  one  trouble  code  may  be  detected  during  a  single  80/20 
test.  The  test  may  be  terminated  only  by  turning  off  the  power.  This 
should  be  done,  of  course,  before  any  physical  changes  are  made  to  the 
computer. 


b.  IFB  SELF  TEST 

To  test  the  interface  board,  the  80/20  test  SBC  416  board  may 
be  removed  from  the  card  cage  and  the  IFB  reinserted.  The  normal  50  pin 
rifle  input  strap  connector  and  the  34  pin  strap  connector  must  be  re¬ 
moved.  A  special  strap  must  be  connected  between  the  50  pin  rifle  test 
simulator  output  and  the  50  pin  rifle  input  connector. 

The  CRT  and  Electronic  Data  Terminal,  LDT,  are  needed  for  the 
test.  The  V0TRAX  unit  may  optionally  be  disconnected  or  left  connected. 

To  conduct  the  test,  the  UIWT  system  is  started  as  usual  by  a 
start  or  reset.  When  the  query  "WANT  ID  YES  OR  NO?"  is  presented  on  the 
EDT,  a  control -T  for  "TEST",  should  be  entered.  The  system  should  re¬ 
spond  with: 
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RIFLE  SIMULATOR 

STRAP  IN  PLACE? 

If  no  errors  are  found,  the  test  requires  18  to  19  seconds  to 
run,  and  the  system  responds  with: 

TEST  COMPLETE. 

Hitting  any  key  on  the  data  terminal  will  result  in  the  standard  output 
being  typed  out,  as  shown  in  the  attached  listing. 

If  trouble  is  detected,  the  rifle  "ID"  number  will  be  typed  with 
"F"  for  failure  and  a  coded  diagnostic:  RES,  INT  or  DAT. 

RES  ==  The  rifle  did  not  receive  a  reset  pulse. 

INT  ==  The  UP I -41  did  not  receive  the  data  strobe  that  it 
originally  sent. 

DAT  ==  Improper  data  was  received  by  the  UPI-41. 

H.  FILM  ANIMATION 

This  section  describes  the  process  by  which  a  second  projection  film 
is  produced  to  enable  the  electro-optic  rifle  receiver  to  sense  targets 
on  the  movie  screen  and  score  the  trainee's  performance. 

A  black-and-white  animated  companion  film  is  prepared  for  simultan¬ 
eous  syncronized  projection  on  an  infrared  projector  with  a  full  color 
battle  scenario  on  a  second  projector.  The  black-and-white  film  is  ani¬ 
mated  frame-by-frame  to  produce  a  clear  target  zone  surrounded  by  an 
opaque  field.  If  more  than  one  target  is  present  then  more  than  one 
clear  target  zone  is  animated  within  a  frame. 

Infrared  light  is  projected  through  the  clear  target  area  to  pro¬ 
duce  a  target  zone  for  the  rifle  electro-optic  sensors.  This  infrared 
target  zone  is  usually  animated  to  directly  overlay  the  visual  target 
being  projected  by  the  full  color  battle  scenario  but  may  also  be  super¬ 
elevated  and/or  lead  the  target  as  required. 

Film  animation  has  been  accomplished  by  inspecting  a  battle  scenario 
frame-by-frame  on  a  Movieola  (a  type  of  laboratory  film  analyzer).  Each 
frame  is  inspected  for  the  total  number  of  targets,  and  target  location. 
Each  frame  is  catalogued  and  then  compared  to  each  other  for  target  range 
and  rate  of  transverse  motion  measured.  Lead  and  superelevation  calcula¬ 
tions  are  computed  from  this  data  for  final  animation. 

Selected  target  shapes  and  sizes  are  prepared  for  use  in  the  anima¬ 
tion  process.  These  shapes  have  usually  been  silhouette,  oval,  and 
circles.  The  target  shape  is  realized  as  an  opaque  shape  on  a  clear 
strip  of  acetate. 
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The  battle  scenario  is  again  viewed  frame-by-frame  in  the  animation 
process.  The  a  limator  locates  targets  according  to  the  script  and  over¬ 
lays  on  appropriate  target  size  and  shape  on  a  rear  projection  screen. 
Lead  and  superelevation  corrections  are  applied  if  necessary  and  then  the 
battle  scenario  is  removed  while  a  single  frame  of  the  animated  film  is 
exposed. 

Upon  completion  the  entire  animated  film  is  developed  using  a  rever¬ 
sal  process.  This  process  causes  the  opaque  target  shapes  to  become 
transparent  and  the  background  to  be  opaque.  The  contrast  is  adjusted 
for  a  D*  =  2.5  or  better.  A  D*  of  2.0  has  been  used  successfully. 

Copies  are  made  of  this  master  animated  film  and  both  battle  scene 
and  the  animated  films  are  edge  numbered  for  easy  identification  and 
editing.  A  final  coat  of  laquer  is  then  added  to  protect  the  emulsions 
and  extend  the  life  of  the  films. 

The  resolution  of  man  targets  beyond  300  meters  is  difficult  and  is 
a  limitation  of  the  system  using  standard  16mm  film. 

No  research  was  done  on  automating  the  production  of  the  IR  target 
film.  It  is  our  opinion  that  research  in  this  area  could  reduce  both 
the  time  and  expense  of  producing  the  infrared  target  film. 
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SECTION  I  \l 


CONCLUSIONS 

The  UIWT  was  tested  usccessfully  by  the  U.S.  Marine  Corps  and  by 
the  U.S.  Army,  under  the  different  name  SWAT  (Squad  Weapons  Analytical 
Trainer).  The  two  systems  are  virtually  identical  except  for  the  num¬ 
ber  of  trainee  firing  positions.  UIWT  has  four  firing  positions  while 
SWAT  consists  of  five  firing  positions. 

Evaluation  of  the  UIWT's  training  effectiveness  and  potential  was 
performed  in  November  1979  at  Camp  Lejeune,  North  Carolina,  by  the  U.S. 
Marine  Corps.  The  evaluation  was  conducted  by  three  members  of  Code 
N-241 ,  Naval  Training  Equipment  Center.  Three  different  groups  of 
Marines  acted  as  test  subjects  or  provided  expert  opinion.  They  are  as 
follows : 

(a)  120  enlisted  men  took  part  in  a  quasi -experiment  designed  to 
determine  benefits  of  the  UIWT  versus  a  more  traditional  training  method, 

(b)  Eight  highly  experienced  snipers  evaluated  the  UIWT  for  its 
training  capabilities.  These  Marines  also  serve  as  marksmanship  instruc¬ 
tors, 


(c)  A  variety  of  General,  Field  and  Company  grade  officers  fired  the 
simulator  and  gave  opinions  concerning  its  usefulness. 

The  following  comments  on  testing  are  extraced  from  Reference  (8). 
Generally,  the  infantrymen  were  very  positive  about  their  experience 
with  the  UIWT.  They  would  like  to  see  deployment  of  the  device  into 
actual  training  situations.  An  overwhelming  number  stated  that  they 
would  rather  train  in  the  UIWT  than  on  the  pop-up  range.  The  elements 
of  realism  and  immediate  feedback  were  the  main  reasons  for  infantrymen 
satisfaction  with  the  UIWT. 

Without  exception  the  officers  who  fired  and  observed  the  UIWT 
opined  that  it  was  a  valuable  training  tool.  Some  officers  went  so  far 
as  to  request  that  the  UIWT  prototype  remain  at  Camp  Lejeune  so  that 
they  could  start  training  Marines.  A  number  of  officers  expressed  con¬ 
cern  about  UIWT  maintainability  and  reliability.  They  felt  that  if  the 
UIWT  was  to  be  used  for  large  numbers  of  trainees  it  would  have  to  have 
rigid  specifications  for  reliability. 

The  Marines  suggested  that  there  were  no  special  features  of  the 
UIWT  system  (i.e.,  feedback,  recoil,  instructor  console,  infrared  moni¬ 
tor,  etc.)  which  should  be  deleted.  All  features  seemed  acceptable 
and  desirable  to  those  who  evaluated  the  system. 

The  UIWT  functioned  well  throughout  the  study.  Breakdowns  and  mal¬ 
functions  occurred  on  few  occasions.  This  performance  record  is  even 
more  impressive  when  it  is  considered  that  this  version  of  the  UIWT  is 
a  prototype.  The  maintainability  and  reliability  of  the  UIWT,  based  upon 
this  evaluation,  must  be  considered  as  good.  '  Future  iterations  in  the 
production  format  should  only  serve  to  increase  these  two  characteristics. 
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Despite  test  limitations,  the  UIWT  evaluation  was  considered  to  be 
successful  by  those  participating  in  the  evaluation.  The  overwhelming 
enthusiasm  for  the  training  device,  exhibited  by  the  Marine  personnel 
who  fired  it  and  observed  it,  gave  evidence  of  tis  potential  usefulness. 

The  evaluation  of  the  UIWT  at  Camp  Lejeune  produced  positive  find¬ 
ings.  Every  characteristic  of  the  UIWT  met  with  approval.  An  evaluation 
of  trial  scores  on  the  UIWT  provided  empirical  evidence  of  the  UIWT's 
effectiveness. 

No  formalized  Program  of  Instruction  (POI)  exists  for  team  firing 
training.  Consequently,  none  was  administered  with  the  UIWT  evaluation. 
This  area  of  training  should  be  given  consideration  in  the  future.  Pre¬ 
sently  the  instructor  merely  gives  informal  directions  on  how  a  fire 
team  should  function.  The  same  informal  procedure  is  followed  for  marks¬ 
manship  instruction.  Observation  of  the  UIWT  evaluation  identified  a 
number  of  factors  which  should  be  formally  addressed  in  instruction  for 
team  fire. 

(a)  How  large  is  a  fire  sector? 

(b)  Enemy  tactics  (i.e.,  Warsaw  Pact,  Vietnamese) 

(c)  Ammunition  rationing 

(d)  Change  in  fire  team  tactics  if  a  member  is  made  inoperable 
(i.e.,  gun  jams  or  casualty) 

There  is  presently  no  training  which  accomplishes  the  objectives 
that  the  UIWT  addresses  (e.g.,  fire  team  training,  on  board  ship  practice 
and  training,  and  providing  realistic  combat  scenarios  which  require 
application  of  proper  aiming  techniques).  Since  the  Marine  Corps  deems 
these  objectives  to  be  important,  it  is  recommended  that  the  UIWT  effort 
be  funded  and  prepartion  be  made  for  contractor  production  of  the  system. 
In  addition,  development  of  the  UIWT's  capability  to  simualate  other  in¬ 
fantry  weapons  such  as  the  TOW,  DRAGON,  motars,  etc.,  should  continue. 
Also,  any  formalized  instruction  should  include  techniques  for  firing  at 
moving  targets  (Including  leading,  firing  into  brush  cover,  and  firing 
through  smoke).  It  is  possible  for  an  instructor  to  forget  to  cover 
many  of  these  important  points  when  it  is  presented  in  an  informal  manner. 

The  UIWT  has  a  counter  which  allows  the  number  of  rounds  fired  during 
a  session  to  be  accurately  assessed.  This  counter  showed  that  over 
40,000  electronic  rounds  were  used  for  the  evaluation.  Presently,  costs 
for  live  M-16  ammunition  are  approximately  nine  cents  per  round.  At  this 
rate,  the  UIWT  accomplished  an  ammunition  cost  savings  of  nearly  $4,000. 
This  figure  if  applied  to  a  year’s  worth  of  training,  would  be  a  signifi¬ 
cant  savings.  At  this  rate  the  UIWT  would  pay  for  itself  in  a  year.  If 
the  transportation  fuel  costs  were  added  to  the  ammunition  cost  the  sav¬ 
ings  would  be  even  more  impressive. 
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The  U.S.  Army  test  was  conducted  by  the  U. S.  Army  Infantry  Board 
(USAIB)  for  the  Directorate  of  Training  Developments,  U.S.  Army  Infantry 
School  (USAIS),  Fort  Benning,  Georgia  (See  Reference  9).  The  test  was 
conducted  22  January  through  5  March  1980,  employing  test  soldiers  from 
the  U.S.  Army  Marksmanshio  Unit  and  TOE  units.  Testing  included  use  of 
the  SWAT  as  a  vehicle  for  training  riflemen  a  technique  of  engaging 
moving  personnel  targets.  A  comparison  of  record  fire  scores,  achieved 
by  personnel  trained  on  the  SWAT,  on  the  Infantry  Remoted  Target  System, 
Defense  Test  Range,  and  a  no-training  control  group,  was  conducted  to 
address  training  potential.  Figure  IV-1  indicates  the  results  of  firers 
interviews  concerning  the  SWAT  weapon  and  SWAT  targets.  Some  of  the 
major  findings  were  that  test  soldiers  improved  their  firing  performance 
on  three  iterations  of  SWAT  firing,  but  not  on  three  iterations  of  DTR 
firing.  It  is  stated  that  "this  test  does  give  some  evidence  of  the 
SWAT  system's  potential  for  training  transfer.  However,  a  final  estimate 
of  the  systems  training  value  cannot  be  made  until  a  training  program  is 
developed  which  optimizes  SWAT  performance". 
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INTERVIEW  (MEANS) 


M16A1 


UIWT  WEAPON  1  2 


Ease  of  zeroing  (easier-harder) 

■9 

H 

■a 

Recoil  (less-more) 

m 

■a 

■a 

Muzzle  climb  (less-more) 

| 

BB 

aa 

Amount  of  noise  (less-more) 

■ 

m 

n 

■a 

■ 

■ 

Sound  duration  (shorter-longer) 

m 

H 

aa 

Trigger  squeeze  (easier-harder) 

« 

■a 

■a 

1 

i 

_ 1 

Amount  of  slack  in  the  trigger 
(less-more) 

n 

n 

■ 

Balance  (worse-better) 

■0 

■a 

Weight  (lighter-heavier) 

m 

M 

BB 

■ 

Ease  of  magazine  change 
(easier-harder) 

■ 

H 

H 

■ 

Accuracy  (less-more) 

■a 

aa 

■ 

Obtaining  a  good  sight  picture 
(easier-harder) 

■ 

■ 

■ 

n 

■ 

■ 

Getting  a  hit  (easier-harder) 

■a 

BB 

UIWT  training  (worse-better) 

■a 

HB 

UIWT  TARGETS 

■ 

1 

H 

H 

1 

| 

Seeing  targets  at  0-100  meters 
(harder-easier) 

Seeing  targets  at  101-200 
meters  (harder-easier) 

■ 

H 

n 

■ 

Seeing  targets  at  201-300 
meters  (harder-easier) 

■ 

■ 

H 

■ 

Determining  target  ranges 
(harder-easier) 

1 _ 

■ 

HI 

N 

NO  SIGNIFICANT 
DIFFERENCE  («  =  -001 


Note:  In  all  cases  the  UIWT  rifle  and  targets  are  being  compared 
to  the  M16A1  and  the  DTR  range.  If  there  was  no  difference  between 
them,  then  a  4  was  chosen.  The  farther  away  the  mean  is  from  4, 
the  more  difference  there  is  between  the  UIWT  and  the  M16A1. 

Figure  IV-1.  Results  of  Firers1  Interview  (Means) 
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APPENDIX  A 


FUNCTIONAL  DESCRIPTION  OF  CONSOLE  SWITCHES 

Figure  A-l  displays  the  Instructor's  Console.  The  right  side 
display  screen  presents  printed  a  1  unins  showing  trainees  results  each 
time  they  fire,  aid  indicates  by  red  light  which  trainee  is  doing 
the  poorest.  The  miniature  toggle  switches  must  be  in  the  up  (or  on) 
position  for  any  trainee  particip  ting  in  the  exercise.  The  left  side 
display  screen  presents  positions  of  movie  targets  and  indicates  where 
trainee  is  aiming  and  where  his  r  iund  has  been  fired  in  relation  to 
where  the  target  appeared. 

On  the  main,  center  panel,  the  instructor  operated  switches  are 
arringed  and  labeled  in  groups  by  function.  They  are: 

1.  Main  power  (single  switch) 

2.  Mi  :rocomputer  (three  switches) 

3.  Computer  Voice  (two  switches) 

4.  Projector  (two  switches) 

5.  Motor  (three  position  totary  switch) 

6.  Boresite  (single  switch) 

7.  Recoil  (single  switch) 

8.  Score  display  (single  .witch) 

9.  Audio  Communications  (<Teven  switches) 

10.  Weapon  motion  system  (eleven  switches) 

The  operation  of  these  switches  ollows: 

MAIN  POWER  -  Applies  the  ac  power  to  entire  console. 

MICROCOMPUTER  -  "On"  applie.  operating  voltages  to  computer. 

"Reset"  clears  all  pre/ious  data  from  computer  and  asks  if 
individual  identification  of  each  trainee  is  required.  If  none  is  re¬ 
quired,  depress  any  key  except  Y  (For  "yes").  Computer  will  signify 
system  is  ready  by  printing  out  'let's  start". 

"Start,  print"  starts  tne  hard  copy  printout  process  printing 
trainees  results  and  analysis. 

If  individual  scoring  identification  is  required,  depress  the  let¬ 
ter  Y  on  typewriter.  Computer  will  ask  you  for  today's  date,  session 
number  and  to  enter  in  name  of  first  trainee,  then  instruct  you  to 
identify  the  others  in  same  manner.  NOTE:  Names  of  trainees  must  be 
limited  to  those  containing  no  more  than  six  letters. 


COMPUTER  VOICE  -  Permits  instructor  to  activate  the  computer 
voice  carried  to  trainee  headphones.  The  voice  reset  button  should 
oe  pusned  whenever  thf  computer  voice  is  turned  on. 

PROJECTORS  -  "Lot ked-Unlocked"  switch  either  locks  or  unlocks 
.ynchronous  motors  of  IR  and  visual  projectors  together  so  that  target 
frame  and  v  sual  frame  coincide,  or  permits  instructor  to  operate  pro¬ 
jectors  ind< pendently  during  alignment.  For  normal  operation  the 
switch  shou' d  remain  locked. 

tart  Movie"  physically  starts  the  movie  if  motor  switch 
is  not  in  o' f  positior . 

MOTOR  -  This  three  position  rotary  switch  performs  the  function 
of  applying  ac  power  first  to  projector  motor  and  then  to  projector 
lamps  (this  proc  idure  is  conventional  in  all  movie  projectors  to  con¬ 
serve  lamp  life). 

BORESIGHT  -  This  switch  allows  instructor  to  override  the  "tar¬ 
get  present"  sig  lal  delivered  to  computer  by  the  projector,  so  that 
trainees  can  fire  at  the  target  box  instead  of  the  movie  screen. 

When  lower  half  >f  this  switch  is  illuminated  the  system  is  in  normal 
(movie  screen)  pisiticn. 

RECOIL  -  This  switch  gives  instructor  the  option  to  conduct  ex¬ 
ercise  with  or  without  rifle  recoil. 

SCORE  DISPLAY  -  This  switch  clears  the  right  side  screen  display. 

AUDIO  COMMUNICATIONS  -  This  bank  of  eleven  switches  permits  the 
instructor  to  It; ten  in  on  the  headphone  of  any  trainee,  and  talk  to 
any  one  or  all  trainees. 

W1 APQN  ACTION  SYSTEM  -  This  bank  of  eleven  switches  allows  the 
instruitor  ti  viey,-or  the  left  side  display  screen,  exactly  where 
any,  or  all,  tra  nees  are  aiming  and  firing  in  relation  to  where  tar¬ 
gets  a  ipearei  on  movie  screen.  The  upper  bank  of  switches  selects  the 
traine?  to  b?  observed.  The  lower  bank  of  switches  either  energizes  a 
traine?‘s  la;er  continually  or  orly  when  he  had  fired  his  rifle.  These 
switches  supuly  operating  power  to  the  laser  attached  to  each  rifle, 
and  mu  ,t  be  oeld  pushed  in  for  the  laser  to  operate. 
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IEST  EQUIPMENT 


1 .  1  ASER  C  lECKEf: 

Ihe  lacer  checker  test  box.  Figure  B-l ,  allows  instructor  to 
make  a  go-or  -go  check  of  the  UIWT  tracking  laser  which  is  attached 
to  the  simulated  rifle.  Referring  to  the  schematic,  Q1  is  a  silicon 
photodiode  ■  hich  responds  to  IR  energy  from  the  rifle  laser.  When 
the  rifle  t  igger  is  pulled,  with  the  laser  positioned  a  few  inches 
from  the  de  actor,  Q1  detects  the  infra  red  pulse,  and  delivers  an 
output  sign  1  to  Q2. 

Q2  is  a  high  gain  amplifier  whose  output  is  a  sharply  rising 
positive  pulse  that  provides  the  gating  signal  required  to  turn  on 
silicon  controlled  rectifier  Q3,  placing  its  anode  at  ground  poten¬ 
tial,  and  allowing  capacitor  C3  to  begin  charging  up  toward  Vcc 
through  resistor  R5,  and  energizes  the  Sonalert  alarm  producing  an 
audio  tone  c f  approximately  2  KHz. 

Q4  is  a  unijunction  transistor  oscillator  which  is  enabled  when¬ 
ever  capacitor  C3  is  returned  to  ground.  As  capacitor  C3  starts  to 
charge  toward  Vcc  it  produces  an  exponentially  rising  DC  voltage  at 
the  emitter  junction  of  Q4.  When  this  voltage  reaches  the  breakdown 
point  for  this  particular  unijunction,  Q4,  conducts  heavily,  shorting 
emitter  to  ground  thereby  allowing  the  charge  on  C3  to  dissipate, 
lifting  the  anode  of  Q3  off  of  ground  which  turns  off  the  SCR,  dis¬ 
abling  the  udio  alarm,  and  the  entire  circuit  is  again  ready  for  re¬ 
cycling. 

Power  or  the  laser  checker  is  externally  provided  via  binding 
posts.  Any  battery  voltage  from  six  to  thirty  volts  may  be  used.  The 
audio  alarm  sound  level  varies  with  battery  voltage.  Fifteen  volts 
provides  mi  e  than  adequate  sound  level  for  an  average  room. 

2.  RIFLE  CHECKER 


By  usi  ig  an  ordinary  penlite  flashlight  as  a  source  of  Tight 
energy,  an<  directing  the  light  into  the  lens  of  the  rifle  receiver, 
the  rifle  <  lecke--  test  box  allows  the  instructor  to  confirm  that  the 
four  quadr  nt  detector  in  the  rifle  is  functioning,  the  "Full  Clip" 
feature  of  the  UIWT  system  is  operating  correctly,  that  the  rifle 
mode  select  switch,  and  rifle  trigger  switch,  are  also  functioning 
properly.  In  addition,  the  UIWT  laser  can  be  tested  using  the  laser 
checker  in  conjunction  with  the  rifle  checker. 

Detec1 or  Test:  Referring  to  the  schematic  of  the  rifle  checker, 
Figure  B-2.  conrections  to  the  rifle  are  made  via  a  T&B  connector 
identical  to  that  with  the  UIWT  system.  Connector  pin  numbers  are 
identified  on  tie  schematic.  IC1  is  a  quad  comparator  which  estab¬ 
lishes  the  signal  strength  reference  level  of  the  IR  energy  received. 
Each  of  the  four  comparators  parameters  are  identical.  The  desired 
reference  evel  is  established  on  the  non- inverting  inputs  of  IC1. 

The  rifle  <etecior  outputs  appear  as  signal  at  the  inverting  inputs 
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of  IC1.  When  this  input  signal  is  of  an  amplitude  equal  to  the 
reference  level  established  via  the  variable  resistor,  the  outputs 
of  IC1  rise  to  a  logical  "HIGH".  This  output  "HIGH"  signal  appears 
on  one  input  to  IC2  which  is  a  quad  NAND  gate.  Since  the  remaining 
NAND  inputs  are  permanently  "HIGH",  IC2  produces  a  logical  "LOW"  at 
its  ouput,  providing  a  path  to  ground  for  that  particular  LED,  allow¬ 
ing  it  to  light  up,  indicating  that  the  UIWT  rifle  detector  is  opera¬ 
tional.  By  pointing  the  flashlight  beam  into  the  rifle  receiver  lens 
and  moving  it  about,  it  is  possible  to  observe  that  all  four  quad¬ 
rants  of  UIWT's  rifle  detector  are  indeed  functioning. 

Ammo  Magazine  Test:  One  half  of  IC4  is  a  timer  arranged  to  pro¬ 
duce  one  pul se  of  approximately  five  second  duration  whenever  it  re¬ 
ceives  an  input,  thereby  testing  the  "full  ammo  magazine"  feature  of 
UIWT  A  "full  magazine"  is  simulated  by  one  whose  internally-mounted 
capacitor  has  been  charged.  A  separate,  parti tioned-hol ding/charging 
tray  which  accomodates  up  to  30  magazines  is  provided  with  the  instruc¬ 
tor's  console.  In  future  modifications,  this  holding/charging  tray 
can  be  incorporated  into  the  console.  Referring  to  the  schematic, 
when  a  (charged  capacitor)  full  magazine  is  inserted  in  the  rifle, 
the  capacitor  discharges  into  one  gate  of  IC3,  a  NAND,  providing  a  nega¬ 
tive  going  signal  as  input  to  timer  IC4.  When  IC4  turns  on  its  output 
goes  "HIGH"  allowing  LED  5  to  light  for  approximately  five  seconds.  If 
an  "empty  magazine  (i.e.  one  which  has  expended  its  full  thirty  rounds) 
is  inserted  into  the  UIWT  rifle,  it  cannot  energize  the  circuit  and 
LED  5  will  not  illuminate. 

Laser  Test:  This  test  is  performed  by  one  half  of  IC4.  The  cir¬ 
cuit  Ts  a  free-running  oscillator  delivering  sharp  positive  pulses  of 
approximately  one  microsecond  duration  at  a  PRR  of  5  KHz.  This  output 
is  directly  connected  to  the  laser  input  via  the  normal  connecting 
cable.  When  the  "laser  test"  button  on  the  rifle  checker  box  is  de¬ 
pressed,  the  output  of  oscillator  IC4  is  allowed  to  trigger  the  laser, 
and  the  laser  will  emit  IR  energy. 

By  setting  up  the  laser  checker*  box  several  inches  from  the  laser, 
an  audio  alarm  tone  indicates  correct  operation  of  the  laser  each  time 
the  test  button  is  depressed.  *Circuit  operation  is  described  in  Para¬ 
graph  1  of  this  Appendix  B. 

Rifle  Trigger  and  Mode  Switch  Test:  Correct  physical  functioning 
of  the  UIWT  rifle  trigger  is  verified  by  observing  the  test  lights  LED  6 
and  LED  7.  LED  6  will  normally  be  on.  When  the  rifle  trigger  is  pulled 
LED  6  goes  off  for  a  fraction  of  time,  LED  7  comes  on  during  that  in¬ 
stant,  and  as  the  trigger  is  pulled  all  the  way  LED  6  comes  back  on  and 
remains  on. 

Rifle  Mode  Switch  Test:  The  UIWT  rifle  mode  select  switch  is  test¬ 
ed  by  observing  the  operation  of  LED  8  and  LED  9.  In  the  semi-auto¬ 
matic  mode,  LED  8  is  on  and  in  the  automatic  mode  LED  9  is  on. 
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,\n  internal  dual  "iftejn  vc 1 t  power  supply  provides  operating 
\ol tales  fc r  tht  UIWT  ts  well  as  for  the  pre-amp  receiver  in  the 
UIWT'ifle.  A  single  miniature  dry  cell  forty-five  volt  battery 
within  the  test  box  su  plies  operating  power  for  the  UIWT  laser. 

3.  1IFLE  SUBS!  ITUTIO'i  BOX 


Jsing  the  rifle  substitution  box,  it  is  possible  to  simulate 
the  oierat  on  of  a  UIWT  rifle  on  the  instructor's  console.  It  can 
simulate  a  rifle  being  fired  either  in  automatic  or  semi-automatic 
inode,  and  ian  simulate  the  target  information  normally  received  by 
the  rifle's  quacrant  detector  from  the  projected  movie  image. 

"he  rifle  substitution  box  is  connected  to  the  instructor's 
consoie  via  a  T£B  connector  identical  to  that  on  a  UIWT  rifle.  Power 
*or  tie  test  bo>  is  derived  from  the  console.  Operation  of  the 
crigger  switch  and  the  mode  switch  are  obvious.  Capacitor  Cl  simu¬ 
lates  the  capacitor  wnich  is  internally  mounted  inside  of  each  maga¬ 
zine.  It  remains  in  the  charged  state  via  switch  SW4  as  long  as 
the  test  box  power  switch  is  in  the  "on"  position.  When  the  count¬ 
ing  circuit  in  the  UIWT  electronics  indicates  to  the  computer  that 
thirty  rounds  have  been  expended  by  allowing  no  more  shots,  the  in¬ 
sertion  of  a  new  magazine  is  simulated  by  momentarily  engaging 
switch  SW1 . 

Target  information  is  simulated  by  the  status  of  four  sw  tches, 
SW5,  SW6,  S17,  and  SW8.  I  Cl  is  a  free-running  oscillator  del  ve ring 
a  square  wa 'e  at  a  PRR  of  96  Hz  (which  is  the  rate  at  which  the 
projected  I  !  Tarcet  energy  is  chopped).  The  output  of  the  osc  illator 
is  delivered  to  he  console  via  switches  SW5  through  8  as  simulated 
rifle  detector  s  gnals. 

Referring  to  the  schematic.  Figure  B-3,  the  adopted  convention 
for  the  four  quae  rant  rifle  detector  is  shown.  Switches  may  be  in¬ 
dependently  thrown  to  either  ground  (low)  or  to  the  96  Hz  positive 
pulse  output  of  Cl,  constituting  either  a  true  or  a  false  logic 
signal  to  the  UIWT  console.  Any  one  of  ten  possible  combinatons  of 
hit  or  near  misses  can  be  duplicated  by  these  four  switches.  For 
example:  Switches  SW3,  SW4  "Low"  and  switches  SW1 ,  SW2  "High"  will 
be  recorded  by  tne  computer  as  a  "low  right"  signal  from  the  simulated 
rifle.  Similarly,  SW1 ,  SW4,  SW2  "High"  and  SW3  "Low"  would  s  mulate 
a  UIWT  rifle  detector  condition  where  IR  energy  is  centered  oi  those 
quadrants.  This  information  would  be  interpreted  by  the  comp  .iter  as  a 
trainee  having  fired  "Low"  at  the  target. 

4.  BORESIGHT  BOX 


The  boresight  box.  Figure  B-4,  allows  the  instructor  to  ini- 
tialy  checl:  the  closeness  of  UIWT  rifle  boresight  alignment.  A 
free  running  oscillator  IC1  with  a  PRR  of  96  Hz  delivers  input  pulses 
to  a  Darlington  amplifier  which  consists  of  Q1  and  Q2.  The  Darlington 
amplifier  pulses  a  high  intensity  incandescent  lamp  at  96  Hz.  The 
visible  portion  of  light  is  filtered  out  so  the  rifle  is  aimed  at  the 
black-outlined  a  ming  pip  on  the  box,  fires  the  weapon,  receives  audio 


feedback  results  via  his  headphones,  and  adjusts  rifle  sights  for 
accurate  alignment  of  front  and  rear  sights. 

Power  for  the  boresight  box  is  supplied  externally  via  one 
small,  12  volt  rechargeable  sealed-gel  battery.  The  boresight 
box  can  also  be  utilized  as  a  marksmanship  target.  The  instructor 
simply  enables  the  front  panel  “target  present"  switch  allowing 
the  UIWT  console  to  disregard  target  information  from  the  movie 
screen,  and  instead,  to  accept  target  information  from  the  bore¬ 
sight  box. 


3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 


IN47I9 


ro 

S- 

1 

«,< 

a 

ro 

z< 

Z 

*  m 

N 

J 

' 

1 

>G 
*  <* 
K<ro 


Ul 

o  o 

itrtZh 

O  £  -  z 
jaio 

ffi  </>  <  Q. 


Q 

20 - ll 

r* 


CG. 

5^  - 


APPENDIX  C 
SYSTEM  PROGRAM 


I 

t 

t 


—I  in' Hit-  t  I  HUT  IMP  I''  P  1  H I II '  VHP*  (I  l  INFs  HRf’  PF'TNI’  t  I  HIl 

-'•'M&i'.iL  THPI  t  "F  l  'JC'l.ll  t_  IJ.UI 
PEPiS  FF-I'M  F1I_F  I  l  Ml  1-4 1  IIP 
uPirTEN  in  i  TLI  ki  mwi 

VHt  l  If-  IVPt  YNp.i.i 


MHO 

IH  1  N< '  W  1  Mi'n  i  H  E 

_  R]  '  H 

.VO 

It  f‘ll_*P'  r 

l  HIl''  iH 

YVI  1 

1. 1  HP  H-ViJM'  RTnp 

..  SO.  iH 

VVI  ' 

1  PR  If.  [fl'j 

:u  1  H 

-SI  ’ 

It 

.  SO'  iH 

vvt'l 

1  KM  IN 

i.u»t  H 

i-.S'l-i 

1  UPt  t  V  IPS! 

:  BO.'H 

•-.VI 1 

1  HPufc  t'OWN  1  l  ME 

PH4H 

T  i  l 

I RFut  1  E :  .Pfc.  IEO 

SVM 

1  PL  HI  i 

.'•:i  f.H 

VM 

P'FRLO  'Nt 

;  MICH 

VII 

i  i.ip  t  p; 

si.'SH 

VM 

HPlit  II  l  it 

t  h.h.i-4H 

•i'll 

t  -■  1 1  'HPOL'U  Cl 

i  u  ii  it-  H 

•VM 

.  i  IMTP  •  i  HjP'hM 

1  'I  int;  H 

.  VM 

Ni  1  I  U.  1  Zt 

i  iv;'h 

■  Yh 

t. 1  'N 

iiuii.H 

VM 

IS  1  li  1 

H‘i4.H 

VII 

ji  1 1  Vif  i 

I'Ii4HH 

-'ll 

NfcM.if  f. 

1 II  if  411 

.’VII 

)i  I'.lL'l  l  1  H 

•  I'  if  HH 

■  VM 

Jl.l  fHt  jfc  f 

MM.'  .  H 

.VM 

li.iHl.  1  l  i.'N 

M.  1,'HH 

■  ‘ill 

1  RUN! 

H 

.VM 

OH  I  Ii  Nt 

i  'I  ’  -*f. H 

f.YM 

ft  V  0(  (  'iji.iNt 

i  1  HO  H 

•NM 

pnl  i r *i i 

MMf-ltH 

IN 

4 

1  'OREH 

'  IN 

4 

m  u  Hh 

LIN 

4 

inil'iiH 

i_  j  N 

4 

i.  OEBH 

.  IN 

4 

i  i  it- 1  P 

lIN 

4 

Ml  If  PH 

I  IN 

4 

HIM  H 

i  IN 

4 

l  lll'lll 

l.lN 

, 

l  ilH'l.Jll 

!  IN 

s 

t  u  inpH 

t  IN 

1  niOE  H 

L.  IN 

%  i 

'HOtH 

L  IN 

K  1 

OO  1.1H 

LIN 

r*.  i 

mij14H 

LIN 

OOl  ,'H 

LIN 

r£, 

t  in  1  RH 

LIN 

f;  * 

m.i  1  OH 

LIN 

^  ' 

|  '0*  TH 

LIN 

t 

mi-  EH 

1  IN 

r 

mV  CH 

LIN 

h 

in  i  v  h 

1  IN 

004  ;  H 

LIN 

.  -1 

l."l4  ;H 

LIN 

-  1 

i  UI4HH 

LIN 

i  n‘i4-  >H 

l  IN 

. 

""  iH 

i  1  N 

1 

MM  H 

.  IN 

.  S 

mi'  -.H  L  IN 

HU'  I'H  I  1  N 


PPT 


C-l 


ttwou  u 

Lii^ 

1  w 

0864H 

LIN 

79 

0067H 

LIN 

80 

0068H 

LIN 

81 

0068H 

LIN 

82 

006DH 

LIN 

83 

0070H 

LIN 

84 

0070H 

LIN 

8? 

007  3H 

LIN 

86 

0073H 

LIN 

87 

007RH 

LIN 

88 

007RH 

LIN 

89 

00S0H 

LIN 

90 

0O85H 

LIN 

91 

0085H 

LIN 

9<: 

008CH 

LIN 

93 

008CH 

LIN 

94 

008FH 

LIN 

95 

0096H 

LIN 

96 

0096H 

LIN 

97 

0098H 

LIN 

93 

O09EH 

LIN 

99 

0089H 

LIN 

100 

000CH 

LIN 

101 

008CH 

LIN 

182 

008CH 

LIN 

103 

808CH 

LIN 

104 

008FH 

LIN 

105 

008 2H 

L  IN 

106 

008  JH 

LIN 

107 

008 

LIN 

108 

008 CH 

LIN 

109 

MOD 

STHPTUPMODULE 

291FH 

SVM 

MEMCRV 

13FCH 

SVM 

INTERRUPTCHLL 

3808H 

SVM 

HIST  ORV 

380FH 

SVM 

NRME 

383CH 

SVM 

DRTE 

3848H 

SVM 

IDNUMBEP 

0104H 

SVM 

WHEN 

0114H 

SVM 

UIW'i  ID 

0129H 

SVM 

I  DENT 

013CH 

SVM 

QUEPV 

0152H 

SVM 

TRAINEES 

016CH 

SVM 

ONRIFLE 

384FH 

SVM 

X 

3850H 

SVM 

I 

3851H 

SVM 

J 

3852H 

SVM 

K 

3853H 

SVM 

JK 

3854H 

SVM 

IDFL8G 

0176H 

SVM 

PORT SET 

017FH 

SVM 

SETD8T8 

3855H 

SVM 

POINTER 

3857H 

SVM 

LEN'jTH 

3358H 

SVM 

VALUE 

3859H 

SVM 

FI  NHL 

0199H 

SVM 

LOUP 

01B7H 

SVM 

SIMULRThRIFLE 

285BH 

SVM 

RUNTVPE 

01BFH 

SVM 

STARTUP 

024CH 

SVM 

SETINT 

02H2H 

SVM 

GET  ID 

028  7H 

SVM 

CLRDATE 

02C2H 

SVM 

GET DATE 

0328H 

SVM 

GET  IDNijMBER 

AD-A103  725  NAVAL  TRAINING  EQUIPMENT  CENTEH  OP L ANDO  FL  c,r 

UNIVERSAL  INFANTRY  .EAPONS  TRAINER  IUI.T).  VOLUME  1.  M-16  KIFI  F.-r rr I  ,u 
JUL  60  A  MARSHALL.  0  SNA.,  H  lo.LE  RIFLE— ETCIUI 

UNCLASSIFIED 


iiM  7H 

SVI1 

ONI-NHMI 

01 ;  <sh 

LIN 

22 

01 ,  6H 

LIN 

23 

01,  OH 

LIN 

24 

o  1  EH 

LIN 

25 

01,  EH 

LIN 

29 

01'  CH 

LIN 

31 

01'-' 9H 

LIN 

32 

01M5H 

L  IN 

3  3 

hI.mCH 

1  IN 

24 

*  •  u  :  h 

LIN 

— _  r 

1 1  LI  c-H 

LIN 

3'*£. 

OlL7H 

LIN 

41 

oli  7H 

LIN 

42 

OIOBH 

LIN 

43 

Oil  'EH 

LIN 

44 

UlNFH 

LIN 

46 

01  :FH 

LIN 

47 

01  HH 

LIN 

46 

Ol  '5H 

LIN 

49 

0  l  £0H 

LIN 

50 

oi  -:bh 

LIN 

51 

01  -6H 

LIN 

52 

Ol-BH 

L  I N 

52 

0."  O0H 

L  IN 

54 

o;  OSH 

LIN 

55 

o,  ohh 

LIN 

56 

0.  OFH 

LIN 

57' 

0*  14H 

LIN 

58 

OJ  i’H 

LIN 

59 

0.  1BH 

LIN 

60 

0.  1FH 

LIN 

61 

o.  22  m 

lIN 

62 

0.  '2  1H 

L  1  N 

62 

0.:J9H 

LIN 

64 

0.  :20H 

LIN 

65 

0  '41H 

LIN 

66 

O  :43H 

LIN 

67 

O  :49H 

LIN 

68 

0  J4HH 

L  N 

69 

O  "50H 

L  I N 

70 

54H 

LIN 

71 

O  ".Vr  :H 

L  I N 

7*2 

‘  i  -5LH 

L  IN 

7 

0  'r.cH 

UN 

74 

O  v.  ,'H 

L  IN 

,'H 

i'  >'t'H 

LIN 

,  r. 

».  :'?2H 

LIN 

t  *  "* 

i  '78H 

LIN 

,  -4 

>  2, ’EH 

LIN 

1.1 

*  ,:84H 

LIN 

:-:L 

'  23&H 

LIN 

:  \1 

.  ■  -"'3  OH 

LIN 

i  295H 

LIN 

■■■■  I 

LIN 

*«_ 

•  Hi  H 

I.  IN 

i  2M2H 

l  I N 

\ 

‘  .'ll  'H 

1.  IN 

»  2L2H 

LIN 

:  :--a 

'  I't'OH 

l  IN 

->il 

i  261  >H 

L  IN 

1  a.JH 

L  IN 

-4  “• 

>  .  ('OH 

l  if. 

>  i2t'»:-H 

L  IN 

<4 

i  i. -1  4  H 

1  IN 

C-3 


82E3H  LIN  '26 

02ER8  LIN  97 

02F7H  LIN  98 

62FEH  LIN  99 

0303H  LIN  188 

0388H  LIN  101 

030C-H  LIN  182 

0318H  LIN  103 

031EH  LIN  104 

0323H  LIN  109 

0326H  LIN  106 

032BH  LIN  107 

0339H  LIN  100 

033FH  LIN  109 

0347H  LIN  110 

034CH  LIN  111 

035 3H  LIN  112 

0360H  LIN  113 

036  H  LIN  114 

036CH  LIN  115 

037 1H  LIN  116 

0376H  LIN  117 

0361H  LIN  118 

036 7H  LIN  119 

0395H  LIN  120 

039BH  LIN  121 

0304H  LIN  122 

0309H  LIN  123 

03REH  LIN  124 

036 SH  LIN  125 

0366H  LIN  126 

03C.7H  LIN  127 

031-5H  LIN  126 

03DBH  LIN  129 

03E3H  LIN  130 

03E8H  LIN  131 

0403H  LIN  132 

0400H  LIN  133 

041 1H  LIN  134 

0416H  LIN  135 

042BH  LIN  136 

0438H  LIN  137 

043 7H  LIN  128 

043 7H  LIN  129 

043FH  LIN  140 

0442H  LIN  141 

HOD  TIMERHOOULE 
391FH  SVM  HEMORV 
285CH  SVM  LST IMEBVTE 
385DH  SVM  MST IMEBVTE 
385EH  SVM  TIME 
385EH  SVM  LOMT IMEBVTE 
385FH  SVM  H I OH T IMEBVTE 
0442 H  SVM  TIMERST0RT 
045CH  SVM  TTVTIMER 
0469H  SVM  VOTRRX TIMER 
0476H  SVM  CLOCKREMD 
044 2<H  LIN  8 

0442 H  LIN  9 

0447H  LIN  10 

0446H  LIN  11 

044FH  LIN  12 

0452H  LIN  13 

0457H  LIN  14 

0456H  LIN  15 

045FM  LIN  16 


3 

) 

9 

9 

* 

9 

* 

9 

9 

i 

9 

9 

9 

9 

9 

1 

9 

0 

© 


V 

>  460H 

i.  464H 

k  4S8H 

i  4E9H 

1<4S9H 

n460H 

0471H 

04~5H 

0476H 

it47€H 

047FlH 

047FH 

n4S4H 

0488H 


(_1N 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
MOD 
SVM 
SVM 
SVM 
SVM 
SVM 
i.VM 
SVM 
SVM 
SVM 
SVM 
SVM 
SVM 
SVM 
SVM 
SVM 
SVM 
SVM 


4. 

1& 

19 

20 

21 
22 

23 

24 

25 
2* 


iSlFH 
7  860H 
0498H 

SS2H 

SS3H 
SSSH 
iS8H 
PP9H 

•r  88H 
SBMH 
;S8CH 
S8BDM 
-fBEH 
3SBFH 
SBC  >.»H 
04B7H  SVM 
O4C0H  SVM 
sOC  1H 
04C6H 
04  CCH 
SSC2H 
04CCH 
O40MH 
8521 H 
85D4H 
05FDH 
vjr>8CH 
08F2H 


SVM 

SVM 

SVM 

SVM 

SVM 

SVM 

SVM 

SVM 

SVM 

SVM 

SVM 

SVM 


2S 

29 

38 

31 

PlFLfct'OlHM'JDULt 

memofv 

messfioe 

SCOR I T 

SHOTL'XHT  ion 
i-  ILE 
I  ■ECOt'E 
I  I RSI  SHOT 
.CORE 
mDDEF 
■PEEL 

iGTFll  r  I  ME 
lELTMTIME 
F  ILE 
FlFLE 
fPTR 
-.HOT!  LBO 
KlFLt ID 
HP  IS T ROBE 

TRRGtTHVHlLFlBLE 

THROE T 
RIFLESHOT 

ijETPIFLEDHTH 

SHOT  I  'rtTfl 
UNRE  OLVED 
WHOSHOT 
HOWO  TICK 
OK.DH  f  Fl 

VOTE  mXMESSHOF S 
lURKtVDBTH 

WHOF  H I LED  I OSHOOT 
SHOW WORST 


SSC7H  SVM 

bhoword 

S8C4H  SVM 

BHDNEWS 

07SBH  SVM 

HOWE  HD 

070 1H  SVM 

hunt worst 

0498H  LIN 

049EH  LIN 

H 

04f  >H  LIN 

•j» 

04t  H  LIN 

:  i 

04B  H  LIN 

r 

04E8H  LIN 

- 

84B FH  LIN 

.  4 

041. OH  LIN 

S 

04C0H  LIN 

<* 

04C5H  LIN 

041 6H  LIN 

•  ’^Sr 

04T6H  LIN 

04<  €H  LIN 

41 

04'  fc-'H  LIN 

4  2 

04i. -CM  "t*' 

C-5 


kMOuri  Liu 

T  t 

84CCH  LIN 

48 

04D5H  LIN 

47 

04DBH  LIN 

43 

04E1H  LIN 

49 

04F  3H  LIN 

58 

04K6H  LIN 

51 

05U0H  LIN 

52 

0503H  LIN 

53 

030CH  LIN 

54 

8513H  LIN 

56 

052 1H  LIN 

57 

0521H  LIN 

58 

052DH  LIN 

59 

053CH  LIN 

68 

054EH  LIN 

61 

056DH  LIN 

62 

037OH  LIN 

63 

0588H  LIN 

64 

0588H  LIN 

65 

0568H  LIN 

66 

0593H  LIN 

67 

059BH  LIN 

63 

859FH  LIN 

69 

8584H  LIN 

70 

05flSH  LIN 

71 

05B2H  LIN 

72 

85B6H  LIN 

73 

85BRH  LIN 

74 

05BFH  LIN 

75 

85C8H  LIN 

76 

05D4H  LIN 

77 

05D4H  LIN 

78 

85EEH  LIN 

79 

OSFRH  LIN 

80 

M5FDH  LIN 

81 

H60OH  LIN 

82 

M615H  LIN 

83 

*l61DH  LIN 

84 

•  1625H  LIN 

85 

•  »625H  LIN 

86 

n62HH  LIN 

87 

>«62FH  LIN 

83 

"632H  LIN 

89 

'»63«H  LIN 

90 

»63«H  LIN 

91 

n63FH  LIN 

92 

H644H  LIN 

93 

n64?H  LIN 

94 

m«4FH  LIN 

95 

U64FH  LIN 

96 

0654H  LIN 

97 

•J659H  LIN 

98 

065CH  LIN 
n664H  LIN 


U6«9H  LIN 
»6€EH  LIN 
LIN 
LIN 
"S85N  LIN 
f€8CH  LIN 
i'fiFWH  LIN 
C>«NNH  LIN 
00AON  LIN 
06B2H  LIN 


C-6 


V'jL' ,  .  . 

L-  Xl  < 

X  4. 

00B7H 

LIN 

114 

06C7H 

LIN 

11- 

B60  7H 

LIN 

11^ 

06E1H 

LIN 

118 

0SE4H 

LIN 

119 

06E9H 

LIN 

12o 

06E9H 

LIN 

121 

06EEH 

LIN 

12. 

06F1H 

LIN 

12 

06F2H 

LIN 

124 

0SF2H 

LIN 

12‘. 

07O0H 

LIN 

12- 

O70RH 

LIN 

127 

0719H 

LIN 

129 

(i7;.C«H 

LIN 

130 

0727H 

LIN 

131 

07308 

LIN 

132 

073FH 

LIN 

133 

0748H 

LIN 

134 

07  4f'H 

LIN 

123 

0752H 

LIN 

110 

0737H 

LIN 

137 

0757H 

LIN 

138 

075EH 

LIN 

139 

076 9H 

LIN 

14x3 

0760H 

LIN 

141 

O760H 

LIN 

144 

0778H 

LIN 

143 

0783H 

LIN 

140 

0798H 

LIN 

14  7 

O7C0H 

LIN 

148 

U7C7H 

LIN 

149 

i  7CCH 

LIN 

130 

07O1H 

LIN 

131 

07DFH 

LIN 

132 

07F8H 

LIN 

133 

0  :08H 

LIN 

134 

0  -!21H 

LIN 

138 

0  i29H 

LIN 

137 

0  432H 

LIN 

138 

0  -}j2H 

LIN 

139 

0839H 

LIN 

100 

0S3EH 

LIN 

1-i 

MON 

CONSOLEM  JOULE 

,iHFH 

svri 

MENORV 

083FH 

SVM 

HELLO 

J:  C9H 

SVM 

I 

3:  -CRH 

SVM 

V 

3=  CBH 

SVM 

GOS 

0M&1H 

SVM 

TTVSET 

08<S9H 

SVM 

TTVPES 

0S71H 

SVM 

V07FRXSET 

087RH 

SVM 

V01 FES 

0891H 

SVM 

CIN 

0*9 1H 

SVM 

RXkl'V 

0:-;h1H 

SVM 

TXF’L'V 

0*Mr;H 

SVM 

COO  f 

2  WL  I  H 

SVM 

ITEM 

08C2H 

SVM 

BIT  MUMP 

08C8H 

SVM 

PRN1 NUH 

0912H 

SVM 

PRINT 

28C0H 

SVM 

P01NIER 

28CFH 

SVM 

FI  NHL 

OS25H 

SVM 

LOOP 

0943  H 

SVM 

QREh  TING 

c 


I 

i 


Oy.in  uiU 

0851H  LIN 
0855H  LIN 
0859H  LIN 
085DM  LIN 
8860H  LIN 
8864H  LIN 
0868H  LIN 
0869H  LIN 
0&69H  LIN 
yt6DH  LIN 
0t70H  LIN 
0871H  LIN 
0S71H  UN 
0&75H  LIN 
0*79H  LIN 
0870H  LIN 
ei:37«H  LIN 
887EH  LIN 
0382H  LIN 
H.386H  LIN 
0388H  LIN 
038DH  LIN 
8890H  LIN 
8891H  LIN 
0891H  LIN 
0899H  LIN 
089CH  LIN 
0881H  LIN 
£<8«1H  LIN 
8881H  LIN 
88RBH  LIN 
088EH  LIN 
880FH  LIN 
88B3H  LIN 
3089H  LIN 
88BCH  LIN 
09C1H  LIN 
08C 2H  LIN 
08C2H  LIN 
08C7M  LIN 
08C8H  LIN 
88C8H  LIN 
0SCOH  LIN 
08OBH  LIN 
88E0H  LIN 
08F2H  LIN 
08F9H  LIN 
090BH  LIN 
0907H  LIN 
090CH  LIN 
0911 H  LIN 
091 7H  LIN 
0918M  LIN 
092SH  LIN 
093 lH  LIN 
093hH  LIN 
893FH  LIN 
0942H  LIN 
0943H  LIN 
0943H  LIN 
0949H  LIN 
094 CH  LIN 
094 ON  LIN 
MOO 

393  FH  SVM 


10 

11 

12 

13 

14 

15 

16 

17 

18 
19 
28 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 
48 

41 

42 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

RESULTSMODULE 
ME  MOB  V 


C-8 


I 

I 

t 

t 

t 

t 


l 

! 

I 

i 

4 

t 

t 

t 

t 

t 

I 

I 

I 


JOU  n  :> rri 
38D  H  SVM 
38D'  >H  SVM 
38C'  H  SVM 
380. 'H  SVM 
3808H  SVM 
0A24H  SVM 
380AH  SVM 
094EH  SVM 
0956H  SVM 
0964H  SVM 
096BH  SVM 
0974P  SVM 
0^rBH  SVM 
0*88H  SVM 
0991 H  SVM 
099FH  SVM 
09A7H  SVM 
09B4H  SVM 
09BCH  SVM 
09C8H  SVM 
09D4H  SVM 
8?E6H  SVM 
0r€9H  SVM 
04FBH  SVM 
8A0AH  SVM 
0M12H  SVM 
0R6EM  SVM 
*R90H  SVM 
BRC2H  SVM 
0B24H  SVM 
uBSCH  SVM 
HA24H  LIN 
hh28H  LIN 
nR36H  LIN 
0R56H  LIN 
1.1R66H  LIN 
ijR6DH  LIN 
0R6EH  LIN 
UH6EH  LIN 
8R6FH  LIN 
GR72H  LIN 
0R78H  LIN 
UA7EH  L/N 
0A85H  LiN 
0M8BH  LIN 
kiHSlH  LIN 
Uh91H  LIM 
0H97H  LIN 
OA9DH  LIN 
0HH6H  LIN 
0HC2H  LIN 
08C2H  LIN 
08C8H  LIN 
UACEH  LIN 
0AO7H  LIN 
0HODH  LIN  70 

0HE5H  LIN  71 

0AEAH  LIN  72 

0800H  LIN  7 3 

0B0«H  LIN  74 

0B0CH  LIN  7 5 

0B12H  LIN  76 

UB19H  LIN  77 

0B1FH  LIN  78 

•  tfc:24H  LIN  79 


1 

2 

SUMSHf'TS 
NERRM I SSES 
hvgtihe 
iONVP  r 
HEX 

RIFLE  K' 

TOTAL SHOTS 
KIFLEHIT 

rifle miss 

RIFLELOW 

R I FLELO WRIGHT 

RIFLFRIGHT 

RIFLE HIGHLIGHT 

RIFLEHIGH 

riflehighleft 

rifleleft 

riflelowleft 

RIFLE  TORE EV 

rifletarget ignored 

BLANE 

HOWMHNVSHOT s 
RVERhGETIME 
UNITS 
VOURSCORE 
PRESENTRESULTS 

onerifleresults 
TVPE 1 T 
SUM 
SUM2 


'  0 

51 


55 

56 


',9 

1.0 


62 

62 

64 

65 

66 

67 

68 
69 
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0B30H 

0B57H 

0B5CH 

0B6BH 

0B88H 

0B8FH 

0B96H 

0B39H 

0B9fH 

8BB6H 

08B9H 

0BBFH 

0BD2H 

0BD5H 

0BDEH 

0BF2H 

0BF5H 

0BFBH 

0C12H 

0C3.T.H 

0C1BH 

0C32H 

0C25H 

0C2BH 

0C52H 

0C55H 

0C5BH 

0C72H 

0C75H 

BCV'BH 

0C92H 

0C85H 

0C9BH 

0CB2H 

0C65H 

0CBBH 

0CI-2H 

0COOH 

0CO6H 

0CF2H 

0CF5H 

0CFBH 

0012H 

0OA5H 

0D1BH 

002EH 

003.UH 

0OS.H 

0D4t-H 

0O54H 

00?  CH 

8084  H 

0O8EH 

0038  H 

0D9OH 

0OB2H 

0OH9H 

0OBFH 

80B4H 

0OB3H 

008  tH 

0O(_4H 

0OC7H 

80r  OH 

OOt'HH 
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I 

r 

* 

i 

f 

* 

♦ 

i 

% 

■* 

i 


if 


1 

♦ 


\ 

c 

t 

c 

t 

t 

t 

I 


em»on 

l.llt 

x- 1 

0DD6H 

LIN 

147 

0DDDH 

LIN 

148 

ODDEH 

LIN 

149 

HOD 

F I N8LM0DUI  E 

391FH 

-VM 

MEMORY 

38DBH 

SVM 

H 

0DDFH 

SVM 

F8ST 

0E09H 

SVM 

GOOD 

0E22H 

SVM 

FHIR 

0E48H 

SVM 

POOR 

38DC.H 

SVM 

1 IMECRED1T 

38DDH 

SVM 

N 

0E7EH 

SVM 

L  OMMENT 

8ED5H 

SVM 

HX28S 

38DEH 

SVM 

HEXfiOR 

38E0H 

SVM 

DEC8DR 

38E2H 

SVM 

N 

38E3H 

SVM 

M 

3F62H 

SVM 

COMPOSITE 

0E66H 

SVM 

CuHP 

38E4H 

SVM 

OVERFILL 

38E6H 

SVM 

DECNUM 

UE7EH 

LIN 

fi 

C7EH 

LIN 

10 

0E89H 

LIN 

12 

>>E8FH 

L  IN 

13 

'  <E94H 

LIN 

14 

OE97H 

LIN 

15 

*  <E02H 

LIN 

17 

0ER8H 

LIN 

18 

•  1E8OH 

LIN 

19 

'  'EB0H 

LIN 

20 

"EB6H 

LIN 

22 

i  'EC  1H 

l  IN 

23 

"EC6H 

LIN 

24 

*  -EC9H 

LIN 

28 

iiECFH 

LIN 

27 

1  <ED4H 

LIN 

28 

>  «ED4H 

L.  IN 

29 

<ED5H 

LIN 

30 

'  <EDFH 

LIN 

32 

'  'EEDH 

L  IN 

33 

'EF5H 

L  IN 

34 

>F  12H 

l  IN 

35 

<F24H 

L  IN 

36 

.'F2BH 

LIN 

37’ 

JF30H 

LIN 

38 

iF4EH 

LIN 

39 

iFSFlH 

LIN 

40 

OF5EH 

LIN 

41 

0F61H 

LIN 

42 

HF62H 

LIN 

43 

OF62H 

LIN 

45 

■iFBBH 

LIN 

46 

>»FC1H 

LIN 

47 

•  »FCr*H 

I.IN 

49 

>  «FD6H 

LIN 

50 

><FE4H 

uIN 

51 

hFFIH 

l  IN 

52 

■  tFF8H 

LIN 

53 

>  'FF8H 

i.IN 

54 

"FFt-H 

I.IN 

55 

002H 

LIN 

56 

007H 

L  IN 

57 

HOD 

INTERRUPT 7 

C-ll 


.A/ .  ♦vWi’KM*  C*~  ■■*•- 


MBMSfeJ 


MEMORV 

INTERRUPT ROUTINE 


flf  H  SVI1 
0f:H  SVM 
100f  H  LIN 
1001  H  LIN 
1011H  LIN 
101* 'H  LIN 


MEM"RV  MAP  OF  MODULE  UIWT 
REA1  •  FROM  FILE  'FI: UIWT  TMP 
UR I  I  TEN  TO  RILE  : FI. UIWT 
MODULE  START  ADDRESS  0001H 


START 

STOP 

LENGTH 

REL 

NAME 

UH 

0H 

1H 

A 

ABSOl  UTE 

1H 

10AFH 

10AFH 

A 

ABSOLU TE 

i  3F>  H 

13FEH 

3H 

A 

ABSOLU TE 

1SI  11  1)®EF 


UINT  VERSION  1  2  INTER-HOMLE  CROSF-RFFERENCE 


ISI  -il  1XREF,  VI  i 
INVmKED  BY: 

-IX EF  FI:*.  1<I  TITLE<'UIWT  VERSI  «  1  2  INTER-HOttJLE  CROSS-REFERENCE')  < 
PR1  X(.H:UIWT  REF) 


INIR-HOOUE  CROSS-FEFEREt*  E  LISTI  NG 


MAE  .  .  .  ATTRl*UTES>  OOULE  «€S 


tnOER  STRUC  iJRE<5>;  RIFLE )ATAHODULE  RESULTSHOOUE 

>/GTI*  ADORE  Si  RE5  ULTSHODJLE  FINALHOCUE 

tlTDUHP  PROCf.URE;  (#60LD1»(JLE  STAKTUPtttXJLE 

<  IK  .  PROCLMJRE  BMEi  COXSOLEHCOUE  TESTPROCHOMJLE  STFRTUPHODULE 

lOCKREAD  PROCEMJRE  « DRESS;  TlffRTOOUE  RiFLEDATflHODUE  tfsTPROCWOCDE  HAINUIMTWXUE 

OHHENT  PROCEMJRE;  F INPUWJLE  RE SU.TSHODt.lE 

OHPOSI  E  PROCEDURE;  F INALHOOUE  RE  SUTSHODUE 

OUT  PROCEDURE  UNSOLEH  XXJLE  RIFLEDATAHQOUE  TESTPROCHODULE  MAIMUINTnOOULE  PESUTSHPOUE 

STFRTUPHODUE  FINHLHOOU 

.’TIE  BYTE<12);  STARTUFHGDUE  FESUTSHODULE 

lECIHAL  .  BVTE-3);  RESULTSHOOUE  CONSOLEHOOUE  STARTUPHOOUF 

ELTATlft  ADORoS.  RIF  lEOATATOOUE  HAINUWTHODUE 

ONE  PROCEDURE;  TESTPROCOOULE  TESTHOME 

AIL  PROCEDURE;  T  ESTPROCIOOUE 

ILE  BVTE  RIFLE  ATAHODUX  RE'.  UTSHOOUcE  STARTUPHUOUE  F  INALHOOUE 

1RSTSHJT  8VTET),  RI!  LEDATAWOULE  NAINUIMTNOOUE  STARTUPHUOUE 

m  BYTE  RIFLE  ATAHOOULE 

F.TRIFLEOATA  PROCEMJRE;  t  IFLEDATAHQOUI  HAINUIUTHODUE 

MEETING  PROCEDURE,  f  CNSOLEH  JOULE  >«1NUIHTH00ULE 

1ST0RV  BVTE<S);  STFRTUPHOOtJLE  R . FLEOATAHOOULE 

^«S  PROCEMJRE,  f  INALHOOUE 

DFLAG  BVTE,  STARTI PHOOULE  RESULTSHOOUE 

ONUHBEp  .  8VTE< ");  STPPTUPHODUE  RESUTSHODULE 

XTERRUFTROUT1*  PROCEMJRE,  INTERRUPT?  STAPTUPHODUE 

JTEST  PROCEMJRE,  ESTPROCHOOUE  TESTHOOtLE 

i  STIMEB'TE  .  BVTE,  THtRTTOUE 

’  STINES' TE  BVTE,  TIFCRFKOJLE 

LAKE.  STRUCTURED)  STARTIPHOOU :  RESUL  T  5H0CUE 

I.  JW1IS  ES  BVTE;  RESUTSHODULE  FINAL  «OUE 

F  JRTSET  PROCEl  URE;  i  TARTUPHOOUE  TESTPROC  WOUE 

F  ESENTESUTS  PROCEMJRE;  FtSUTSHOMJLE  fWINUIHTtlOOUE 

F-  INT  PROCEl  JRE,  1  ONSOLEHOL  If  TESTPROCNOOUE  PESUTSHM OLE  STAPTUPHOOULE  FINAL HOOUE 

F  UTNUP  PROCEMJRE,  X60LEHOCLE  TESTPROC  “OXJLE  PESUTSFMUE 

F  PITS!  PROCfitJRE,  **  UWESOIVED  **  TESTHXMLE 

F.ALGOh  BYTE;  HA1NUHTHODUE  STARTUPHOOUF 

PIFLE  BVTE.  RIFLE! "TAHODUF  RESUTSHOOUF  FINAIHOOUE 

FIFLESFtiT  PROCEMJRE  B'HE,  RIFlEDATAMODUE  HAIMJIHTHQDUE 

FPtTST  PROCEl  'JRE;  *  ONRESO*  **  TESTHXKJLE 

'  JtTIH  PROCEl URE;  * *  UFGESa  VED  **  TESTPPOCHOOUF. 

ORE  STRUCTURED)  RIFLED*)  TRHODUE  RES*  ITSHOOU E  STFtPTUPHOOUE  F1NALMOUE 

'•cTOATA  PROCEl  URE;  '  TARTUPHODLE  PIFLEDATAHOOUE  NAINUIWTHOOUE 

HOTFW,  BYTE,  RIFLE!  ATAHOMi  STAPTUPHOOU  E 

HOUCRST  PROCEMJRE;  HFlBRffAhOOUF  HAINUHTHOOUE 

^EED  STRUT  URED)  RIFUTATAWOUE  RESM.TSHOOUE  STAPH  PHOOULE  FINALHOOUE 
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STARTUP  . 
SUNSHOTS  .  .  . 

TARGETAVAILABLE 
TARGETIONNT1AE 
TfWQETf  XPtCrED 
TARGET  Hit  .  . 

TEST 
I  FLAG 
TIME 

TIMERS  TART 
TIMER  EST 
TRAIN  .  . 
TSTiXX 
TTVRE  ■ 

TTVSt  i . 

TTVTifO 

TURRtV 

IaM)'. 

UPISIkOBE 

UbARITEST 

VOTRHXSET 

VOTFAXTIHER 

VOTRES 

HCEhILEOTOSHOOT 


C  JOULE  DIRECTORY 


NUWJLE  NAf£. 


CUNSOLEAOOULE 

FINALNOWLE 

INTERRUPT 

AhINUINTMOOULE 

RESULTSAOOULE 

RIFLEDATH100ULE 

STARTUP*  OULE 

TESTAOOU  E  .  . 

TESTPROCAODULE 

T I  MERM0t«t_E 


UIWT  VBSIOF  1. 2  INTI  MWJLE  CRO^S-REFERENCf 


PROCEDURE  '  IARTUPAOHJLE  AhINUIRIAODULE 

BYTE;  RESULT  MODULE  FINALhOULE 

PROCEDURE  B-’TL  RIFlEDATAMODULE  AAINUIMTAODULE 

ADDRESS;  AAINUIMTAODULE 

BYTE-  AAINUIMTAODULF 

ADDRESS;  APNUIMTAOM.E  RIFLEDA1AAOOULE 

PROCEDURE;  E5TA0DUE  AAIOUIMTATOULE 

BYTE.  MAINU'MTAODULI  RIFLi  PATAMOOULE  STARTUPAODULE 

ADDRESS;  TI^ERHOOUU 

PROCEDURE  IAERAODILE  TESTPROCAODULE  AAINUIMTAODULE 

PROCEDURE  TESTPROCACOULE  TESTAOOUIE 

BYTE  HA1NU1MTA0DUU  STARTUPAODULE  INTERRUPT? 

BYTE-  TESTPROCAODULE  AAINUIMTAODULE 
PROCEDURE  CONSOLEAOOULE  TESTPROCAODULE  RESULTSAOOULE 
PROCEDURE  CONSOLEAODULE  TESTPROCAODULE  STARTUPAODULE 
PROCEDURE  THtSAODOE  TESTPROCAODULE  CONSOLEAODULE 
BYTE;  NAINUIHTAODULE  RIFLEDATAhXULE  STARTUPAODULE 
PROCEDURE  CONSOLEAODULE  TESTPROCAODULE  AAINUIMTAODULE 
PROCEDURE  RIFLEDATAMODULE  TESTPROCAODULE  STARTUPAOOULE 
PROCEDURE;  TESTPROCAODULE  TESTAODULE 
PROCEDURE  CONSGLEnGOULE  TESTPROCAODULE 
PROCEDURE;  TIHERAODULE  TESTPROCAODULE  CONSOLEAODULE 
PROCEDURE-  CONSOLEAODULE  TE5TPRXAOOULE  AAINUIMTAODULE 
PROCEDURE.  RIFIEDATAAOOULE  AAINUIMTAODULE 


FILE  NRM  DISKETTE  NAME 


CONSOL  PLM 
FINAL  PIA 
INTER  PLA 
AAINUI  PLA 
RESULT.  PLA 
RIFLE  PLA 
START  PIA 
TESTER  PLA 
TSTPRC  PLA 
TIMER  FLA 


UINT.  TST 
UIMTL3 
UINT1  3 
UINTL  ? 
UIMT1  3 
UINTL  3 
UINTL  3 
UINT.  1ST 
UINT.  TST 
UINT.  TST 
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1  FE  :  ?9  PAGE 


ISIS-11  Pl/H-88  V3.  i  COMPILATION  OF  MOOULE  MAI!  UIWTHODOi.F. 

OBJECT  MODULE  PLACED  IN  FI  HAINUI.  OBJ 

COMPILER  INVOKED  PY  PLNB0  FI  HAIHUI  PLM  1XPIF  DEBUG  DATE  (1  FEB  79) 


X*  THIS  PROGRAM  WAS  HRITEN  BY  H  C  TCNLE  IN  THE  WINTER  Ah '  SPRING  OF  1978  *X 
X*  IT  ASSUMES  THE  SYSTEM  HAS  BEEN  RESET  PRIOR  TO  RUNNINf  *X 
X*  THIS  WTOIFICRT  ION  WHICH  RESULTS  IN  A  CHANGE  TO  UIHT  '  :PS10N  1  2 
RESULTS  FROM  THE  REQUIREICNT  TO  SHOW  THE  HORST  SHOOTEf  *X 

1  MAINtUlMI (MODULE 

DO. 


2  1  SHPHWORST  PROCEDURE  EXTERNAL. 

3  2  EM)  SHOE  WORST 

4  1  OECLARE  aEAWACn^tATOR  BYTE  A  (0)  DAli'BAFH).  X*  AFK  EXCLUSIVE  OR 

ICCUMUL'  TOR  WITH  1TSELF*X 

5  1  TXRDV:  PROCEDURE  EVTERNAL.  X*  *CKS  U^HPT  TRANSMIT  Bl»  -ER  FOR  “ENPTV"  *X 

6  2  END  TXRPV. 

7  1  VOTRES  PROCEDURE  EXTERNA!.;  X*  UTRAX  RESET  SEE  CONSOL  MODULE  ♦/ 

8  2  END  VOTPES 

9  1  CC.IT  PROCEDURE  'ITEM)  EXTERNAL  X*  SEE-  S  A  BIT  OUT  THP  'IGH  USART  *X 

10  2  DECLARE  ITEM  BYTE 

11  2  END  COUT . 

12  1  DECLARE  USARTICONIPOL  LITERALLY  8EDH',  X*  ADDRESS  OF  U  HPT  CONTROL  P  >12  •/ 

USARTsRESET  LITERALLY  '40H',  '♦  RETURNS  8251  TO  MODE  INST  FORMAT 

REF  PAGE  3-i?  *X 

13  1  STARTUP  PR\»  FOURE  E  <TERNF< . .  /*  €T  IXO  FOR  RIFl>  ETC  *X 

14  2  END, 


15  1 

IS  2 

i~  1 

US  2 

1 

0  2 

'1  1 

2  2 


TARGSTRAVAILAfiE:  PROCEDURE  BYTE  EXTERNAL;  X»  OCCKS  FOR  AM  IR  SPOT 
IT  HILL  RETURN  1  IF  IR  SPOT  V  FOUND  *X 


EM), 


TIMEXRSTART  fROCEDUF -3  EXTERNAL;  X*  STFRT  8253  REGISTERS  *X 
END, 


aOFWEAD  PR’CEDUPE  ADOREcS  EXTERNAL.  X*  READS  Cl'**  FOP  TARGET  %  SHOTS  *X 
EM) 

RIF  .EISHOT  PR  tEDURE  EVTE  i  XTERNAL  X*  WRITS  FOP  RIFLE  SHOT  *' 

END 


a  1  GETIRIFlE*OATf  PRCCFDtJRE  KTERNHL,  '*  READ  %  RFCCR  •  ItPUT  BYTE  «X 

'4  2  END 


-5  1  SETIJATA  PRCCC  ORE  (POINTER  LENGTH  VALUE)  EXTERN* 

26  2  OEC.ARE  POINT!  ?  ADDRESS,  '  ENGTH,  V  »JE>  BYTE, 

27  2  EM1  SETIOATA. 
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t/H-ae  towuf 


1  FEB  ?<  PAGE 


28  1 
29  2 

38  1 

31  1 

32  2 

33  1 

34  1 

35  1 

36  1 

3?  1 

38  2 

39  1 

48  2 

41  1 

42  2 

43  2 

44  2 

45  2 

46  2 

42  2 

48  2 

49  1 

58  1 

51  1 

52  1 

53  1 

54  1 


55  1 

58  2 

57  2 

58  2 

59  1 
68  2 


61  2 
62  2 
63  2 


PRESEMTIRESUlTS:  PROCEDURE  EXTERNAL  7*  OUTPUTS  DATA  TO  CONSfLE  *7 
END; 


DECLARE  T  TOCCK  BYTE  EXTERNAL, 


TFST:  PRO  EDURE  (XTERNFL, 

ETC  TES', 

OECLARE  FOREVER  LITERALLY  'WILE  1'; 

DECLARE  COWTEWSET  LITERALLY  'BEASFH'; 

DECLARE  (TRAINING,  JK>  BYTE. 

DECLARE  TRAIN  BYTE  PUBLIC  AT  <  TRAINING); 

UHOIFRILEDITOfSHOOT  PROCEDURE  EXTERNAL;  7*  IDENTIFIES  WHICH  RIFLE  HISSED 

A  TARGET  SHOT  OPPORTUNITY  */ 
END; 

GREETING;  PROCEDURE  EXTERNAL,  7*  PRINTS  GREETING  TO  CONSOLE  *7 
END, 


TiRKEYITEST  PROCEDURE;  7*  CHECKS  FOR  A  1  SECOND  TINE  ELAPSE  SINCE  TARGET  DOW  *7 
IF  TARGETMXMKTIHE  >=  CLOCK tREAD  THEN 
DELTRfTirC  »  TARGET *OOW*TIHE  -  CLOCK fREAD; 

ELSE 

DELTA* TINE  =  1  ♦  COUNTEWSET  ♦  TARDET*OOW*TIHE  -  CLOCKIREAD 
IF  DELTAIT1HE  >  288  THEN 
TURKEY  =  1; 

ELSE  TURKEY  =  0; 

END  TURKEYITEST; 

DECLARE  DELTAtTI*  PfORESS  EXTERNAL 
DECLARE  FIRST*SH0T<5>  BYTE  EXTERNAL 
DECLARE  TARGETIDONNFTIHE  ADDRESS  PUBLIC, 

DECLARE  <TARGET*EXPECTED,  TFLAG,  REAL*OONE)  BYTE  PUBLIC; 

DECLARE  TURKEY  BYTE  PUBLIC, 

DECLARE  TARGETITIHE  4D0RES5  PUBLIC; 

7*  END  OF  DECLARATIONS  *7 


/%*  ******* * ******  **** 


PROGRAM  STARTS 


TEST *BOARD tDCCK  00, 

IF  TSTCHECK  THE!  7*  IF  ROM  EXTENDER  BOARD  IS  NOT  PRESENT,  THE  98728  TIMES 
OUT  AN)  Hill  READ  88  INTO  M  ACCUMULATOR  *7 
CALL  TEST;  7‘fERFORA  88728  BOARD  CHECK *7 


EN>  TESTIEOARMCH  CK, 


UIHMPROGRTH:  DO  OREVER 

INITIALIZE 
CAU.  TIME R*ST ART 

CALL  STARTNJP; 

CALL  GREi  TING; 


CALI  TXRl  Y;  7*  INSURE  "GREETING1  HAS  BEEN  COTLETED  *7 


i  FEB  79  PAGE  3 


I 

l 

l 


* 

i 

f 

* 

I 


1 

k  ' 

i 

t 

1 

I 

t 

B 

I 


IlTH-BA  COMPILE* 


64  >  CHLl  VOT RES;  '»  SWITCH  TO  Vf  TRAX  LINE  *  CHRNGE  TO  %A0  BWO  *7 

65  ?  THRQET*D>TNN*T  I«E  =  CLOCK  TREtO  ♦  208.  7*  FOP  TURKEY  TEST  *7 

66  i  SESSION 

DO  WHILE  TRAINING,  7*  HE  HILL  END  WITH  ON  'ESCAPE*  FPOH  CONST*  E  */ 
o7  3  IF  TARGET TAVAILABLE  TP  RIFLSTSHOT  TON 
66  3  ACTION  DO  7*  EITtER  A  RIFLE  SHOT  ClR  A  TARGET  AVAILABLE  *7 

69  4  IF  TflWETttVfilLtaE  THFN 

70  4  GOTTONE  (0; 

71  5  IF  NOT  TFLAG  TON 

72  5  tfWTOtC  f  0;  7*  ft  NEW  TARGET  HRS  APPEARED  *7 

73  6  RRGl  TTTIME  =  CLODTREAD; 

74  6  REALTGO*  =  0; 

75  ►  TFLAG=L 

76  TURKEV  =  0; 

END  NFMTONE, 

76  IF  RIFLE?  HOT  THEN 

7y  GOOOTOATA  COLL  QETTRIFLETOAIA; 

90  .  EM)  OOTWffc 

ELSE  7*  E'-SE  TORE  IS  NO  TARGET,  »'T  A  SHOT  HRS  FIRED  */ 

31  4  NOT  TARGET  00, 

CALL  TURI  EYTTES  T, 

*3  !  CHLL  GET  PIFLETAATA; 

64  ENL  NOTTARGET, 

65  ^  END  p.'TJON, 

ELSE  7*  ELSE  TORE  !S  NEITHER  A  TARGET  NOP  SHOT  *7 
86  NOT ACTION  DO, 

,7  4  IF  TFLAG  THEN  7*  THAT  IS  TORE  MAS  *  TARGET  ON  LAST  PASS  *7 

-4-  4  TGONE  00, 

'T  TARGET IDOMNTTTO  =  CLOCKfREAD, 

*  5  TFLAG  =  0, 

91  END  TGONE; 

•<r  4  IF  NOT  REALTG01C  THEN 

1  4  MAITTOt  DO, 

4  5  CALL  TURKEYTTEST-  7*  <£  HILL  HOLT  REAL  TGONE  =0  FOR  ONE  SECOND  *7 

•r‘  5  IF  TURKEY  TON  7»  HE  S.  TRE  "TARGET  'SNORED*  ONLY  IF  REAL«ONF=i  *7 

.*6  5  PEC0RDTG9E  DO, 

V  o  REAL TGONE  =  *■ 

*<•  *  CALL  MHOTFAILEDTTOl  SHOOT, 

6  CALL  SETTOATAT  Flf  TTSMOT,  5, 1>-  7*  NEXT  SHOT  AT  A  TARGET  HILL  BE  TIMED  *7 

■  ■A 16  CALL  SHONTWORST, 

l*'l  6  EM)  RECORDTGONE, 

0  7  5  ENT1  HAITTONE. 

It  4  END  NOTACTION, 

1M  3  EM>  SESSION; 

1>  5  2  ENDING 

CALI  PRESENTTRESULTS- 

IK  CAL  TODY 

l*  7  OUT--UT<USAPTTCONTROL)=<'SAFTTS£Sn, 

Ik  EM  UIMTTPROGRAM, 
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PL/T-80  COMPILE! 


10v  1  END  HAINWIHTIHOOULL 


HOD  IE  INFORMATION 

CODE  AREA  SIZE  =  ei03H  2590 
VARIABLE  AREA  SIZE  *  088AH  1» 

MAXIMUM  STACK  SIS  *  00I6H  60 

167  LIICS  READ 
0  PROGRAM  ERRGR(S) 

EN  •  OF  PL  1-8P  COMPILATION 
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PL/H-  Hi  CuHPILLX 


.  J  v  V* 


ISIS-  ,1  PL2H-8B  V3  1  COWILATION  OF  HODULE  STARTUPP  KXJLE 
06JE(  r  HODULE  PLACED  IN  :Fl: START  OBJ 

COMP!'  ER  INVOKED  BV:  PLH00  : FI  START  PLH  JXREF  DEICJO  DATE  <25  JUN  79> 


INOINTVECTOR 

1  STARTIUPfWOULE :  DO, 

2  1  BITIOUNP  PROCEDURE  EXTERNAL;  2*  IN  CONSOLEtNODULE  */ 

3  2  END  BIT$OUHP, 


4  1  DECLARE  INTERRUPT?  LITERALLY  '13FCH'- 

CALLIIT  LITERALLV  '8C3H'; 

i  1  OCClfrt  INTERRIPTFCALL  STRUCTURE  (JUMP  BVTL  HHEREiTO  ADORESS)  AT  <  INTERRI.RT7) 
DA<A  (CALLS1 r,  INTFWUPTIROUTINE  ; 

*  1  OECLARE  LIT  LITE  ALLV  'L<’£RALLY  , 

RESET $8212  LIT  0F8H', 

ENHBLEIST11  LIT  '10H'. 

P0RT3  LIT  '0E6H  , 

PORT6  LIT  '0EAH  . 

GROUPl  LIT  '8E71L,  ,  *  8255  CWTROL  REF.  PAGE  3-68  OF  88220  MANUAL  *2 

NORM  LIT  '92H'  2*  F  jPTS  1  I  2  INPUT,  3  OUTPUT  ALL  NOOE  0  PAGE  4-13  —  *2 

GR0UF2  LIT  '0EBH',  2*  PAGE  3-68  *2 

HORD!  LIT  '88H'  «  PORTS  4,5  *  6  ALL  OUTPUTS  NODE  0  *2 

USARl SCONTROL  LIT  '0ET*  2*  PA»3E  3-48  »2 

USARHRESET  LIT  '4AH',  2«  INTER  HAL  RESET  PAGE  3-43  *2 

W0EJ5ET  LIT  '0TEH',  SETS  2  STOP  BITS,  8  BITS,  16X.  PAGE  3-38,-41  *  4-48  *2 

•  USE  4FH  FOP  1  STOP  BIT,  8  BIT  HORD  *  64X  *2 
COHHWWWRD  LIT  '27H'  2«  SETS  TRANSMIT, "RECEIVER  READV. 

DATA  ERA INAL  READV.  REBUEST  TO  SEND  *2 
2*  SEE  PA  £  3-43  AND  STEP  4B  OF  MDS  MONITOR  SHADH  PROA  *2 

7  :  OECL*£  DECIMAL<3>  BYTr  EXTERN  L 

8  OECLffE  HIST0RV<5>  BVTF  PUBLIC;  2*  HIS  HILL 

IDENTIFV  LMICH  RIRI  HAS  SHOT  AT  A  PARTICULAR  TAP-ET  %/ 
i  OECLARE  SC0RE(5)  STRUCT  RE  (HISS  BVTE,  HIT  BVTf ,  LOH  BVTE,  LOMtRIGHT  BVTE, 

-IGHT  BYTE-  HIGH#  iGHT  BVT-I,  HIGH  BVTL  HIGWLEFT  BVTE, 

LEFT  BHE,  LOHILEF  t  BVTE,  ERROR  I  -’TE.  TURt  EY  BVTE. 

TARGET T  IGNORED  BVTH  EXTEPR., 

10  DECLARE  (SHOTIFIAG,  TUFXEY,  FILE,  TFl  43,  REAL  >  GO*)  BVTE  EXTERNAL, 

FlPSTfSN)T<5)  BVTE  EXTERNAL, 

SFEED<5)  STRUCTTJRE(SHOTS  BVTL  TIHEFSUH  ADOPESS)  EXTERNAL. 

11  DECLARE  TRAIN  BVTE  EXTERNAL 

12  l  DECLARE  ADICH1  LITERALLY  *  REF  PAGE  3-108  *2 

ADICH2  LITERAL  V  '0OW'; 

13  DECLARE  OC*  LITERAL!  '  "7FH" 


14  OEaARE  CRIP  LIT  'COH.Bftr. 

NAME  <5>  STRUCTURE  <£TTER<9>  BYTE)  PUBLIC 
DATE  Cl?)  BVTE  PUBL1  , 
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25  JIJN  79  PAGE  2 


IMWJWEF  <7)  BVTE  PUBLIC, 

PROtfT  LIT  '3EH'» 

WEN  (16)  BVTE  0ATA<15. 'TOOAV"S  DATE’',CRLF>, 

UIHTIID  (21)  BVTE  OATA  (20,  UIHT/SMHT  VER  1  3',CRLF>,  7*  CMHNQEO  6725779  *7 
/*  TIICS  FOR  *fRST*<  'SLOT.  ETC  IN  “FINRL  PLH*  HERE  INCREASED  *7  . 
7*  AT  ft  MARSHALL'S  INSTRUCTIONS  A  CHANGE  IS  ALSO  BEING  NADE  »7 
7 »  IN  THE  ■SHOW*NORSr*  PROCEDURE  IN  RIFLE  PLN  TO  AVOID  THE  *7 
7*  PROBLEM  HHEPE  0M.V  FOUR  RIFLES  ARE  SHOOTING  “>  RIFLE  «5  IS  *7 
7*  DC  HORST  BECAUSE  OF  ALL  DC  TARGET  IGNOREDS  t  THERE  IS  NO  *7 
7*  RIFLE  15  ■NORST-RIFLE*  LIGHT.  *7 


I  DENT  (19)  BVTE  DATA  18, 'EXERCISE  NUWER’',CRLF>, 

QUERY  (22)  BVTE  DATA  <2L  'HANT  10’  VES  OR  NO  ',CRLF), 
TRAINEES  (26)  BVTE  DATA  (25  'ENTER  HANES  OF  TRAINEES', CRLF). 
ONtRIFLE  (10)  BVTE  DATA  (9,  ON  RiaE  '), 

(X,  I,  J,K,  JK)  BVTE, 

I DEFLAG  BVTE  PUBLIC, 


TTYISET  PROCEDURE  fXTERNAL, 

END  TTYISET,  7*  USED  ONLV  HHEN  USART  IS  IN  RESET  CONDITION  ♦/ 

CIN  PROCEDURE  BVTE  FXTERNK., 

EN)  CIN; 

COUT  PROCEDURE  ( ITEM  >  EXTERNAL: 

DECLARE  ITEM  BYTE, 

END  COUT; 

PORTISET:  PROCEDURE  PUBLIC 

OUTPUT (GR0UP1)*MQRD1,  7*SET  CONTROL  HORD  INTO  GROUP  1  I'D  PORTS  *7 
OUTPUT(QROUP2)mORD2;  7-SET  CCHTROL  HORD  INTO  GROUP  2  170  PORTS  *7 
END  PORTISET, 

PRINT  PROCEDURE(PTR)  EXTf  PNAL, 

DECLARE  PTR  ADDRESS, 

END  PRINT; 

SET  IDA  T  A  PROCEDUF  ^POINTER,  LENGTH.  VRLUE)  PUBLIC; 

DECLARE  (POINTER  FINAL  ADDRESS, 

(LENGTH,  VALUE  SET  BASED  POINTER)  BVTE; 

FINAL  *  POINTER  ‘  LENGTH  -  1; 

LOOP  DO  MHILE  POINTER  <=  FINAL; 

SET  «  VALUE; 

POINTER  *  POINT  S+l; 

END  LOOP; 

E*  SETIOATA; 

INTERRUPTIROUTIIC  PROCED**E  INTERRUPT  7  EXTERNAL; 

EM)  INTERRUPTIROUTIIC, 


13  2 

44  2 


UPIISTROBE:  PROCEIURE  EXTIWR; 

END  UPIISTROBE, 

SIHU  ATEIRIFLES:  PROCEDURI 

0UTPUT(P0RT6)*BH;  7*  ELL  UP  I -41  TO  SIMULATE  RiaE  DATA  */ 
CALL  UPIISTROBE 
EM)  SIMULATEIRIFl£5; 


L 


£3  &  Si  £  £  £  g  £  y 


/ 


45  1  OECLARE  CTRL!  LIT  14H',  RETYPE  BYTE; 

/****************  ft®  of  ftCLARATiONS  *•»*•*••********♦*♦/' 

44  1  STARTUP:  PROCEDURE  PUBLIC, 

47  2  CflLL  SET10flTfl(.  SCOPE,  65,0>; 

2  CflLL  SETIOflTft(  HISTORY,  5,  B); 

CflLL  SET$OflTA(  PIRSTISHOT  5,1), 

CflLL  SETIWTfK  SPEED,  15,8  >; 

CflLL  SCTlOflTW  DECIMAL,  3,  B); 

TURKEY  *  8; 

2  TRAIN  =  1; 

TRflG  =  B; 

>  SHOTIFIAG  =  8; 

'  FILE  *  1.  /•  tWHSPOT  FIRST  INCREMENTS  FILL  NCOS  (DIVIDES)  BY  5, 

I  E.  5/5n  WITH  REMAINDER  =  B  NON,  FIFLE=f  ILE+1, 

SO  HE  STPPT  H!TH  RIFLE  »1  •"  */ 

REflLWONE  =  1,  /*  TBRGET  HRS  NTT  BEEN  AVAILABLE  FOR  OVER  1  SET  */ 
CflLL  PORT1SET; 

2  OUTPUT (P0RT3)  *  M  T  RESETI8212,  /*  HILL  a£BP  ALL  8212  DfllH 

LATCHES  FOLLOWING  STROBE  •/ 

2  OUTPUT (P0RT6)  *  EtflBLE19.il;  /•  THE  LEADING  EDGE  OF  THE  STROBE  */ 

2  OUTPUT  (P0RT6)  * 8  /*  THE  TRAILING  EDGE  */ 

2  DO  JK  =  9  TO  13;  2*  CLEARS  THE  JK  FF  OflTB  LATCHES  *7 

i  0UTPUKP0FT3)  *  N[  T  JK  flHP  8FH; 

1  OUTPUKPOPT6)  =  EH«.EI9?11; 

5  OUTPUT (P0PT6)  *  8; 

END; 


DISABLE; 

CflLL  TTYTET; 

69  2  SETINT:  0UTFUT(ADICN1)=(LC«(IHTERRUPT7>  W  8E8H)  ♦  1FH; 

7*  2  0UTPUT(ADICN2)*H1GHMNTERRUPT7), 

71  2  OUTPUT(flDICH2)=OCVl  7*  NflSK  ALL  BUT  INTERRUPT  7  *7 

7*  ME  NON  OBTAIN  IDENTIFKATION  DATA  FTP  THE  SESSION,  IF  NEEDED  *7 

7c  2  CALL  C0UK80H)  7*  CP  ♦/ 

7  2  CALL  CCUT<8flH>  7*  LF  *7 

74  2  CflLL  COUT(BflH) 

75  2  CflLL  PRINK  UIHTIID); 

76  2  CflLL  C0UT(8AH), 

77  2  CflLL  PRINK  QUERY), 

,«  2  CflLL  OUTPUT  (PROMPT); 

13  2  X*CI!t 

68  2  RUNtTVPt  •  K;  2*  ShVE  INPUT  FOP  IDENTIFICATION  OF  CONTROL  T  *7 

H  2  CflLL  COUTOO; 
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84 


85 

86 

87 

88 

89 

98 


91 

92 

93 

94 

96 

97  4 

98  4 

99  3 

188  3 

181  3 

IK  3 

183  3 

184  3 

IK.  3 

10,  3 

18.  3 
186  4 

18b  4 

111  4 

1U  4 

113  4 

114 

115  ? 
Ilf  3 


11.  3 

116  3 

11*  3 


126  4 

121  4 


2  CULL  CO!T(0M)i 

2  CflLL  C0UT(8flM)j  /*  CR.IF  •/ 

2  IWFIAG=8;  /•  CONTROL  FOR  10  PRINT-OUT  AT  EM)  OF  SESSION  *7 

2  !F  X  •  T  TItH 

2  OETIIO  00; 

3  iwflag*i; 

3  CIRIWTE:  CALI  SET«ATA(  DATE,  12.80H);  /*  CLEARS  "DATE*  *7 

3  CALL  PRINK.  WCN); 

3  CAU.  COUT(PWBPT); 


0ATE(8)=11j 

GET40ATE 
Wi  1*1  TO  9; 

X*CMt 

IF  X=60H  THEN  1*9; 

CALL  COUT(X), 

OATEH)  *  X; 

DO  QEHOATL 

CflLL  COUK80N); 

DflTEOl)  «  8AH;  /*  LF  *7 
CflLL  C0UK8AH); 

CALL  SET*ORTA<  IMNUHBER,  7,«0H),  7*  FILLS  *10  NUMBER*  MITH  fR  *7 

CALL  PRINK.  10ENT); 

CALL  COUKPROOT); 

CALL  BITIOOT;  7*  CLEAN  CUT  USflRT  1WUT  BUFFER  *7 
IWNUNBER<8>*6 

GET*IMNl»f€R  DO  1*1  TO  4.  /*  A  4  PLACE  *ID*  *7 

X=HN; 

IF  X*80H  THEN  1*4; 

•  ALL  COUKX). 

IMNUMBER(I)*X; 

DO  GET41WNUWER, 

CALL  CPrr<8CH'; 

iDnuerR(6)*m 

CALL  C0UT(8RN>; 


CflLL  SETIWWK.  NflML  45, 80H>;  f*  FILLS  NAME  MATRIX  WITH  CR  */ 
CAU  PRINK.  TRAIfcES), 

(TT  WANES 

^  W  7*  FOR  FIVE  TRAINEES  *7 

KU  PRINK  OWPIFIE), 

''flu  0WT'  31iHl) 


25  Jl.M  C9  Pflff 
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1 

I 

3 

3 

3 

3 

% 

i 

I 

3 

3 

3 

3 

3 

3 

3 


9 


! 
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122 

4 

CALL  (OWT<0DH); 

123 

4 

CALL  (OUT (BAH), 

124 

4 

CALL  COUNPWm), 

125 

4 

CALL  ElTtOUrf; 

126 

4 

NAK<I>.  LETTER<0)=8; 

127 

4 

OKtNAME: 

00  M  TO  6,  /«  i 

5 

K>CINi 

129 

5 

IF  X-0OM  TfCN  J*6, 

131 

5 

NAME(I)  LETTER<J)=X; 

132 

5 

CALL  COUT(X); 

133 

5 

EM>  OKINAML 

134 

4 

CALL  CflUT(BOH), 

13*j 

4 

NAK(I)  LETTERS)  *  BAH, 

136 

4 

CALL  COOT  (BAH), 

137 

4 

END  GETINAMES, 

138 

3 

ETC  GETIIO, 

139 

2 

IF  RUKTYPE  =  CTRLT  THEN 

148 

2 

CALI  SIMULATE IRIFLES 

141 

2 

EFO  START IUP, 

143 

1 

EM)  STARTIUPINOOULL 

/«  GETS  NAMES  UP  TO  6  LETTERS  LONG  */ 


/*  CR  */ 
/•  LF  *7 


NtinJLE  INFORMATION: 

CODE  iPEA  SIZE  *  033FH  8310 

VARIABLE  AKA  SIZE  *  M52H  820 
MtXIA  fl  STACK  SIZE  *  0B04H  40 

248  l  AES  KAO 
0  PRC  RAH  ERROR(S) 

?'<■  OF  PL/  i-80  CO-DILATION 
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ISIS- 1 1  PL/N-88  V3  1  CUMULATION  OF  MODULE  TIAERMOOULE 
OBJECT  MODULE  PLACED  IN  :F1  TIMER. OBJ 

COMMIER  INVOKED  8V  PLM88  FI  TlfCR  PLK  DEBUG  IXREF  DATE  <23  OCT  78) 


TIICR4M00ULE  DO, 

/♦  THIS  MODULE  SETS  THE  825  MODES  AM)  READS  REGISTERS.  NOTE  THAT  ALL 
THfcE  8253  GATES  MUST  BE  HIGH!  ALL  PAGE  REFERENCES  ARE  TO  THE  88/28 
REFERENCE  MANUAL  98-317C  •/ 

DECLARE  LIT  LITERALLV  'LITERALLY', 

COUNTER*  LIT  '8DCH',  COJNTER1  LIT  '0DDH', 

COUNTER2  LIT  'IDEM'.  CONTROL  LIT  '80FH',  /*  SEE  PAGE  2-7  •/ 

DECLARE  CNTR8M0DE  LIT  '34H'.  /•  2  BYTES,  NODE  2  PAGE  3-76  */ 

CNTRJMODE  LIT  '7^'.  /•  2  BYTES,  MODE  2  */ 

CNTR2MODE  LIT  '886H',  /*  2  BYTES,  MODE  3  */ 

/♦TIC  FOLLOWING  2-BYTE  WORDS  ARE  TIC  "BAUD  RATE  FACTORS"  TABLE  4-34  P  4-48  V 

DECLARE  LOHB  LIT  '0'.  /*  COUNTER  8  PERIOD  IS  5  HILLESECONDS  •/ 

HIGH0  LIT  '15H', 

LOW.  LIT  '5FH',  /•  COUNTER  1  PERIOD  IS  5  MINUTES  */ 

HIQHl  LIT  '0EAH',  /•  *  5  MIN  ♦  A8  (SEC/MIN)  /  8  886  SEC  -1  IN  HEX  */ 

/********SET  UP  FOR  388  BAUD  . . . 

LOH2  LIT  '0E8P'.  /♦  COUNTER  2  FREQUENCY  IS  4  8  KHZ  ♦/ 

NIQH2  LIT  '88'.  /*  SEE  PAGE  3-38,  AND  NOTE  THAT  THE  8251  IS  SET  FOR  16X  ♦/ 

LOMtVOTRAK  LIT  '07H', 

HIGHFVOTRAX  LIT  '08H';  /♦  SETS  VOTRAX  OUTPUT  TO  9680  BAUD  ♦/ 

DECLARE  TIMEHATCH  LIT  '40H',  /*  A  COUNTER  1  LATCH  PAGE  3-84.  ♦/ 

(LSITIMEIBYTt.  NS*Tll«BVTE)  BYTE  PUBLIC; 

DECLARE  THC  ADDRESS  PUBLIC; 

DECLARE  LOWTIMEI8VTE  BYTE  AT  <  TINE),  HIGWTIMEFBVTE  BYTE  AT  (  TIME  ♦  1). 
TIICRISTART  PROCEDURE  PUBLIC, 

OUTPUT (CONTROL  )=CNTRPNOOE;  /♦  SET  COUNTERS  8  *  1  MOOES  ♦/ 

OUTPUT  (CONTROL  XNTP1M00E; 

0UTPUT<C0UNTER8)=L0H8,  /♦  INITIALIZE  COUNTERS  */ 

OUTPUT  (COUNTER0MUGH0; 

OUTPUT  <  COUNTER1 )=LOMl, 

OUTPUT (COUNT  ERD^IOHl; 

EM)  THCR4START; 

TTYITIHER  PROCEDURE  PUBLIC. 

OUTPUT  (CONTROL  XHTP2M0DE, 

OUTPUT (C0UNTER2>S10W2;  /*  WORDS  FOR  388  BAUD  */ 

0UTPUT(C0UNTER2)*«IGH2, 

EM)  TTYITIHFR; 

VOTRAMTIICR  PROCEDURE  PUBLIC,  /*  SET  VOTRAX  TO  %08  E**0  ♦/ 

OUTPl  T(CONTFOL)=CNTP2MOOE 
0UTPUT<C0UNTEP2)*L0«*V0TRflX, 

0UTPliT<C0UNTER2>=H!0H»V0TRAX, 

EM)  vOTRAXITINER; 


f 

f 

f 

ft 

t 

ft 

3 

3 

3 

3 

3 

3 

3 

0 


.  cot*  iLER 


j!  2 


26 

1 

CLOCK*®®  PROCEDLFE  IWRESS  POBLir 

V 

2 

OUTPUT(OWWL)=T  IfElUITCH, 

2« 

2 

L0MTHCF8VTE*I>f'JT<C0UNTEfil)i 

29 

2 

HIGMtTIHF  I8VTE=INP1  IT(C0UN1  EW  )i 

*' 

2 

RETURN  TUC; 

31 

2 

ENO  CLOCK*®®; 

32 

1 

END  fHCRFMOWlE. 

A  GETS  THE  CONTENTS  OF  COIMER  1  */ 


NOODLE  UEORHHTION: 

CODE  PRtA  SIZE  »  0W5H  €90 
VPRIPHf  fKEH  SI2E  »  MMH  40 

NRX1HUN  stick  SIZE  a  0800H  » 

59  LINES  REPO 
0  PROW  EROR(S) 

END  OF  Fl  N-80  a  DILUTION 
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ISIS- 11  PL/ff-9)  VI 1  cwiurriw  OF  HOULE  riflewtmp.u 
OBJECT  HODUi  PLf£ED  IN  FIRIFl  OBJ 

COMPILER  INVOKED  BV:  PLH90  :Fi  ‘'IFU.PLH  IHff  DEBUG  DATE  <25  JUN  79> 


25  N  79  PAGE 


1 

) 

I 


i 

i 

i 

i 


1  RIFLEIOATAIHODULE  DO; 

'•  INCUDES  VARIOUS  PROCEDURES  FOP  RIFLE  DATA  I/O  */ 

2  1  5ECLARE  IfSSAGE  BVfE; 

3  1  OOUT:  PROCEDURE  (HEM)  EXTERNAL 

4  2  DECLARE  ITEM  BYTE 

5  EM)  COUTi 


6  1  5CORIT:  PROCEDURE' SHOTILOCATION,  Fit  E>; 

7  2  DECLARE  <SH0T9L0CRTICM>  FILF  >  BYTE, 

8  2  AOOERCFILf )  J<SHOT«LOCNTION>*®DER(F1LE)  J(SHOT$lOCflTI0N)+i; 

9  2  EM)  ECORIT; 

/*  DECODE  TRANSLATES  QUADRANT  DATA  INTO  SHOT  POSITION  NOTE  TART 

ERRORS  ARE  TREATED  A  MISSES  THUS  A  *HIGH-L0N*  OR  A  'LEFT -RIGHT" 
WHICH  SHOULD  NEVER  OCCUR  IS  A  HISS  TO  SCORE  AS  ERPOPS  CHANGE  THE 
SECQM)  AND  THIPO  6  OF  DECODE  INTO  "18"  */ 

IB  1  DECLARE  DECOOE<l«)  FVTE  f«TA<B, 2,416.0, 5.4, 8,9.8, 2, 7  9.6,1). 

11  1  CLOCKIREAD:  PROCEDURE  ADDRESS  EXTERNAL 

12  EM)  aOCKIREADi 

13  !  SETIDATA  PP-CEDURE  PTR,  LENGTH  VALUE)  EXTERNAL 

14  ,  DECLARE  (LENGTH,  VALUE)BYTE,  PTR  ADDRESS, 

15  '  EM)  SETIDATA. 

16  1  DECLARE  FIRST  ISHOT'M  BYTE  PUBLIC. 

17  1  DECLARE  LIT  LITERALLY  'LITERALLY', 

HIGH*®  LIT  '8EH',  LOKM)  LIT  '1',  RIGHTIM)  LIT  '2',  LEFTIM)  LIT  '3', 
HIT**  LIT  '4',  HI SS*C  LIT  '5',  NOW)  LIT  '6',  TARGET*®  LIT  '7', 
SOLDIER*®  LIT  YOU*©  LIT  '9',  AM)  LIT  '8AH', 

MASIND  LIT  06H',  MARINE*©  LIT  '0CH',  ENENYM)  LIT  '80H'. 

AVAILABLEM)  LIT  '32',  FROZE*®  LIT  'OFH', 

PORT1  LIT  '0E4H',  /*  PP£  3-6E  OF  08  '28  ANNUAL  */ 

P0RT2  LIT  '8E5H', 

PORTS  LIT  '0E6H'. 

PORT4  LIT  0E8H', 

P0RT6  LIT  '8EAH'. 

ENABLE1  LIT  'IBM' 

18  l  DECLARE  C0UNTER8SET  LIT  '0EA8FH'  /*  INITIAL  VALUE  5  AIN  COUNTEP  */ 

19  t  DECLARE  H!ST0RY<5>  BYTE  IXTERNAL. 

29  1  DECLARE  (TURKEY,  TFIAG)  fVTE  EXTERNAL; 

21  1  DECLARE  SCOPE'S)  'TRUCTUPE(HISS  BYTE,  HIT  BYTE,  LON  BYTE  LOHIRIGHT  BYTE- 

RIGHT  PVTL  HIGWRIGHT  BYTE,  HIGH  BYTE,  HIGHPLEFT  BYTE, 

LEFT  BYTE,  LOWLEFT  DYTE,  ERROR  BYTE,  TURKEY  BYTE. 

TAPGETI IGNORED  BYTE)  PUBLIC 
/♦  NE  MILL  USE  "ADDER"  TO  COfUTE  TOTAL  SHOTS  •/ 

22  1  DECLARE  ADD€R(5)  STRUCTUFE  (  J<13>  BYTE)  PUBLIC  ..  <  SC  <-); 

C-26 
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OECLAPE  SPEEDS)  STRUCTUE(SHOTS  BYTE.  TINEISUM  ADDRESS'  PUBLIC 
DECLARE  TOTAL  IT  INE  ADOBE  'S, 

DECLARE  DELTAITIME  ADDRESS  PUBLIC; 

DECLARE  (FILE  RIFLE, FPTR  BVTE  PUBLIC. 

DECLARE  SHOT  IRAQ  BVTE  P*IC; 

DECLARE  TARGET IT I ME  ADDRESS  EXTERNAL, 

DECLARE  RIFLEflO  6VTL 

DECLARE  CRTISTR08E  LIT  '3B0100006', 

UPIISTROBE:  PROCURE  PURJC, 

0UTPUT(P0RT3)  =  CRTISTRiBL 
OUTPUT (PORT!)  =  A 
EH)  UPItSTRQBE, 

TARGET WVAILABLE  PROCURE  BVTE  PUBLIC;  /*  GIVES  ‘TRUE*  IF  TAPCT  PRESENT  */ 
DECLARE  TARGET  BVTE; 

TARGET=IH>UT<P0RT2); 

RETURN  TARGET,  /*  PORT  2  BIT  HJNBER  0  MILL  BE  HIGH  IF  TARGET  PRESENT  */ 

END  TARGET JAVHILABIE; 


54  3 

55  3 


RIREfSHOT  PROdDCRE  BY'E  PUBLIC;  /•  RETURNS  'TRUE*  IF  SHOT  FIRED  ♦/ 
SHOTIFLHG=I»rUT  PORTl),  /*  *SHOTIFLAG‘  IS  TRUE  WHEN  SHOT  FIRED*  */ 
RETURN  SHOTIFlftl 
EH)  RIFLEISHOT; 

GETIRIFLEIDATA:  PROCEDURE  PUBLIC. 

DECLARE  SHOTIOATA  BVTE 

UNRESOLVED  DO  WHILE  SHOUFLAGMWUKPORTl); 

SHOTtDATfHL  /♦  NEEDED  TO  ENTER  FOLLONING  "MHOtSHOT"  ROUTINE  */ 
MHOJSHOT:  DO  WHILE  NOT  SHOTIOATA. 

FILE  =  (FILE+l)  NOD  5;  /*  FILE  0  CONTAINS  RIFLE  NUWER  1  DATA. 

FILE  1  ==>  RIFLE  02.  ETC 

RIFlE=fIL£+l,  /'♦•FILE*  IS  INTIALIZED  OK.V  ONCE.  THUS 

WE  START  CHECKING  IKK  HE  LEFT  *DFF  */ 
SHOTIOATfWHR'SHOTIFLAG  RIFLE); 

DC  HHOISHOT;  /*  •RIFLE*  EOUALS  SHOOTING  RIFLE  NUMBER  */ 

RIREIID  *  ROR(RIFl£,  3).  /•  GET  RIFLE  ID  INTO  HIGH  ORDER  BITS  »/ 

IF  NOT  TURKEY  TON 
DO. 

IF  FIRST fSHOT<FIl.E)  THIN 
HOHMUICK  DO; 

IF  TARGETITIME  3-  CLOU  IREAD  THEN 
CELT AIT IHE  «  TARGETITIME  -  CLOCK IRE  AD, 
asE 

WITAITIHE  -  COHTERIET  ♦  1  ♦  TAFGETITTO  -  CLOCK  IRE  AD, 

SKED(FUE)  TTO1SL*=SPEED(F1LE)  TTOISUM  ♦  DELTAITIME; 

SPtED(FlLE)  SHOT'  =  SFFED(FILE)  SHOTS  ♦  1; 

FIRSTISHOKFlLE)  =  0, 

DC  HOHMUICK; 

END. 


HISTORVfFIU  )  =  1; 


OUTPUTLPORT  )<*0T  MFLE  HND  AFH,  /*  SETS  9311  ADDRESS  OF  /D51  l  TO  #  RIFLE  V 
OUTPUT (PORT  F.)  *  ENHBLE1,  f*  LATCHES  SHOTIOATA  FRCP  RIFLE  ONTO  BUS  */ 
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69  2 


79  2 

71  2 

72  2 

72  2 

74  2 

75  2 

76  .< 

77  2 


SHOT  lOATft*  INPUT  <f  RT2);  /*  READS  QUADRANT  DATA  */ 

0UTFJT<P0RT6>  =  8  7*  RETURNS  /DS1  *  RIFli  HIGH  AND  DROPS  8212  FROM  BUS  */  • 

OU?FiT<PORT3)=NOT  8H  OR  F  IFLE)  AND  0FH»  7*  ADDRESSES  9211  TOOT  ORTA  «  RIFLE  *7 
0UTPUT(P0RT6>  =  ENABLED 
OUTFiJT <PORT6  >  ^  0 

CALI  COUT(8FFH);  7*  OUTPUT  ’SYN'  MESSAGE  TO  VOTRAX  */ 

CALI  COUT(0C«H  ♦  HIE);  /•  RiaE  ADDRESSED  *7 
IF  .HOT  TURKEY)  f»iO  TRAC  T>£N 

OMTATA  DO,  /♦  ADO  IN  FEN  SCORE  DATA  ASSUME  FOR  PORT  2  THAT 
BIT  1  =  LCD),  BIT  2  =  RIGHT 
BIT  2  =  HIGH.  BIT  4  =  LEFT  *7 


78 

4 

CAU.  SCORIT<HFSSA'£  =OEO 

79 

4 

OUTF/T<PORT6)  =  N  T<RIRf 

80 

4 

CALL  UPIISTROK, 

81 

4 

VOTt-AXIt€SSAGFS  HJ  CASE 

82 

S 

CALI  C0UT(MIS<4HD 

83 

( 

CALI  COUT(HIT*W»- 

84 

s 

CAU  COUT(LON*HD), 

85 

•» 

DO, 

86 

i  ALL  COUT(LOWWj); 

87 

i  ALL  COUT(RIGHTJND); 

88 

- 

F  HD; 

80 

CALI  COUT<RIGHT»i  ), 

90 

s 

DO. 

91 

f. 

'ALL  COUTCHIGMO); 

92 

p. 

CALL  COUTO'IGF  W»; 

92 

p. 

E«; 

94 

C1 

CALL  COUT (HIGH*U  •; 

95 

1 

00, 

% 

r 

C  IL  COUTCHIG*  5ND)» 

97 

p. 

CALL  COUTCIEF  W©); 

98 

f 

UC, 

99 

s 

CALL  COUT  (LET  W  ■; 

100 

r 

DO; 

101 

p 

CALL  COUTCI 0*  40); 

10? 

♦ 

i  11  COUT<IEF  *)©>; 

182 

p 

FD; 

104 

. 

FHT  VOTRAX**  SS  £S; 

105 

1 

m  iKIDATA; 

106 

If  LRKEV  THE)* 

107 

00, 

168 

1 

TURF  CYIOATA  ‘CORE  (FILE* 

109 

1 

0UT-VT(P0RT6'  =  NOTCRIF’ 

110 

4 

CAL.  URIISTRT0E  7*9 

111 

4 

CAU.  COUTLNO**© 

112 

4 

r«  COUTCTARGE  #©); 

t 

I 

I 

I 

3 

I 

I 

1 

3 

3 

3 

3 

3 

3 

2 
D 
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<t  EH*  i  -♦'He* 


113  4 


114  3  IF  <N0T  TF  rtG)  AN)  <N0T  TURIFY)  TICD 

115  3  00. 

116  4  SCORElFIlf.'  HISS  *  SCOREEFi  _E)  HISS  ♦  h 

11 7  4  0» tTPUTOPCt  T6>  =  NOT(RIFlEtli)  ♦  8flH  AND  1110ililB, 

118  4  (*L  UPirfROBE,  /•  SEWS  "HISS  LATE*  MESSAGE  *0  CONSOLE  CRT  •/ 

■i?  4  cm  courmssw- 

.20  4  END; 


(HI  COUT'JFFN), 


/*  VO'RRX  SIW-OFF  */ 


122  3  EW>  UNRESOLVED, 

123  2  EM>  QETlRlFLEfOATfl; 


124  1  NH«FflILE*TO»SHOOT  FIMCEWRE  PUBLI'3 

125  2  DO  FPTR=0  TO  4, 

126  ‘  FiaEFID  -  R0R(FPTR4l.3>. 

127  '<  '(  HISTOF-V'FPTR)^  THEN 

20  3  DO; 

5»  4  SCORE(fPTR)  THRGETFIGNOF'1  D=SCORE'FPTR)  TflRGETFIGNOREIHl; 

<0  4  OUTPUT'  P0RT6T  =  NOTERia1  FID  ♦  000  RM>  llitiUlEi; 

■1  4  CflLL  UP1FSTRO0EJ  /*  SE  CS  TARGET  IGNORED  TO  C0N50L  CRT  */ 

’2  4  CflLL  COMK0FFH';  OTRAX  *1MT*  KSSAQE  *2 

<3  4  CflLL  COOT(0COH  ♦  FPTR';  /*  ADDRESS  RIFLE  NOT  SHOOTING  */ 

«4  4  CflLL  OXlTEVOUFHD); 

-5  4  CflLL  C  »mFR02TWD), 


r 

6 

4 

CflLL  C'M(0FFH<;  /«  !  ND  OF  VOTRflX  MESSAGE  *2 

' 

17 

4 

END; 

18 

T 

f.W>. 

(4 

c 

(ALL  SET FOATRE  HISTORY. 5, 0 >; 

\ 

140 

!W>  kKrtl  HlLEMTOFSHOOT, 

f 

141 

1 

SHOMFWORST  PROCEDURE  PUEUt 

14? 

E+'CLARE  COMORO  BYTE, 

14? 

v 

f+aflRE  "(D«B6'5)  BYTE, 

144 

i 

HOMFBAD  DO  FPTR  =  0  TO  4, 

t 

145 

tWMNENS'  rPTR)  =  0; 

4r 

1 4r. 

IF  SPEED' FPTR)  JHOTSO*  THEN  /*  AVOIDS  ‘MORST-SWOTER*  IF  NO  RiaE  I 

■47 

PADFNEH^  FPTR)  ;  SCORE  FPTC .  NIS ,  ♦  SCOREEFRTR)  TiRKEV  ♦ 

f 

SCORE  FPTM  TAP  ETFIGWAEP; 

* 

148 

END  HOHFAflO, 

14? 

L 

PPPFHORO  -  i. 

• 

1543 

PIFLE  =  1 

1M 

i 

WNTFWR1  00  FPTR  =  0  TO  ;■ 

w 

15? 

IF  BflD»i.-NS<FPTI<+l)  =  WD4NFH5ER  FLE-1)  TWN 

15? 

BADFMOF.'  =  BflDWORD  OF  FH  86H,  FPTR  ♦  2)); 

1 

154 

IF  BflDFU'MSEFPTR+l)  >  l«>iNEHS<RiFL£-i)  TI€N 

m 

155 

DO, 

156 

4 

RiaE  ;  FPTR  ♦  2, 

m 

137 

4 

BflMW^D  =  EBODFHORD  AM  0)  OR  ROLF00H.RiaE), 

K 

158 

4 

EW>, 

153 

3 

END  HUNT  WORST;  •  RIFLE  HRS  VALUE  OF  NOPST  SHOOTER  *7 

l>* 

? 

0UTPUT<P0RT4)  =  UflDFWOR*-. 

K 

M 

2 

FW>  SHOWUORST, 

16? 

1 

END  PIFLEUflTftFNODULE, 

I 

I 


IVM-W  CWItER 


25  J1JN  79  PHGE 


WDULE  IffOSHRTlOH 

COPE  AKER  SIZE  '  I387M  951D 

VARIABLE  AREA  SI2E  =  M69N  1050 
NAXIIMI  STACK  SIZE  =  6W4H  40 
2??  LIt€S  READ 
0  RWXJW1  ERROR(S) 

EW>  OP  PL/H-88  COttILATION 
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ISIS-1  PITH-  I  V3  1  'OMPILATIOI  OF  HOC  lE  CONSOEP  WLE 
OBJECT  HOCUI  ‘UCED  N  FI:  CON  VI  OBJ 

COMPILES  1NVCTD  8V  PLH0B  FI  CONSOL  HH  OFBUG  IXPtF  DATE  1 2  OCT  78) 


1  CONSOLE ‘HOHJLE  OO 

*  THIS  MODULE  COUSINS  ONSOLE  170  RWTItCS  *' 

I  .  ECUWf  USflRTIOfITfi  LITEPHLLV 'ff  CH',  7*  3-48  OF  8872*  H AHJAL  *7 

USflRTJSTATUS  LITESOLLV  0EDH',  7*  P»£  3-44  ♦  ' 

ESC  LITERALLY  '1P>  7*  ASH  I  "ESCFPE*  *7 

HR5K  LITERALLY  '7TH', 

ZERO  LITERfLLY  '33H', 

CR  LITCRfiLLY  '0DH  ,  LF  LITERALLY  '8Ah  . 

ENABLE t93ii  LITERhLLV  18H', 

P0RT3  ITERALLV  /‘€6H' 

PORTS  .ITERALLV  'PEflH' 

TTVILIE  LITERALLY  '08H', 

VOTRflMUNE  UTERflLLY  08H', 

USARTJ  "ONTROL  LlTERflLLY  '8EDH  . 

»*«*., **T>£  silent  7«rt  IS  Ff  TEAFTER  DEFINED  HS  ft  TTY  **♦**.•«****/ 
TTY*HO)E  LITERHLLV  '04EH'.  7*  1  STff  BITS,  P  BIT,  16X,  P  3-38,41,4-48  */ 
VOTRflXtMOOE  LlTERflLLY  4£H',  '♦  DITT>>  EXCEPT  1  STOP  BIT  */ 

USARTFCOMMAND  LITERALLY  '27H'  7*  Dflfft  TERMINAL  REftDY,  ETC  * 

U5ARTIRE5ET  LFERALLY  '40H', 

HELLO  a8>  BYTE  DATA  <17.  CR,  .F,LF,l:.  'LET'  S  START'-  CR,  LF>; 

3  ECLflRf  DECIHftL<3)  BYTE  EXTERM  L; 

4  tCLARf  <I,V,OOS>  BYTE- 

5  TTVITIPEP  PROCEDURE  EXTERNflLi 

6  END, 

7  /OTRftXITIHER  PROCEDURE  EXTERN  1> 

8  END; 

8  nviSET  PROCEDURE  public, 

18  0UTPLT<P0RT3>  =  TTY11 1NE,  7  MILL  '  IRECT  UE-*T  OUTPUT  TO  T1V  *7 

II  OUTPl T(PORTf  ■  ENftP.  EI9311; 

12  OUTPt  T<PORTP>  -  0, 

13  CaL  TTV$T!«F  7*  ETS  UP  FOR  11  •  BflUD  V 

14  OUTPU  vUSflRTtuNTROL)  TTYIHOOE, 

15  OUT  PIT  *  USARTKlNTROL  >  USARTfCOMHANi' 

16  ETC1  -TYfSET, 

1?  TTYRES  PR0CEK4E  PUBLI  .  7*  TTY  RESET  *7 

18  0UTP1P  (USflRTtCfNTROL)  USARTWESET; 

18  CALL  ’TVFSET, 

20  END  T  YRES, 

21  OTRflY'SEJ  PETYEOLPE  F  aiC; 

22  ,  0UTPi'T(U5APTFi  ONTROL)  5  YOTRfKFHOOE- 

23  OUTP<'T<USAPT*<  ONTROL-  =  USARTICOiMfiun, 

24  END  VOTRflXFSET, 
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25  1  VOTRES  PROCEDURE  PUBLIC,  /•  VOTRAX  RESET  •/ 

26  2  OUTPUTCUSflRTICONTROL)  =  U5ARTIRE5ET; 

27  2  0UTPUT<P0RT3>  *  VOTWWHIlfc 

28  2  OUTPUT (PQRT6)  *  ENABLE <9311, 

29  2  OUTPUTCPOPT6)  *  8; 

38  2  CflU  VOTRHWTIHE-t; 

31  2  CALL  VOTRFKISET; 


) 

1 

I 


32  2  END  VOTRES  ; 


33  1  CIN:  PROCEDURE  BYT*  PUBLIC,  /♦  GETS  A  BYTE  FROM  THE  CONSOLE  */ 

34  2  RXRDV:  DO  WILE  NOT  S»< INPUTCUSflRTFSTATUS),  i);  /*  I  E  WILE  INPUT  BUFFER 

IS  NOT  READY  */ 

35  3  EM)  RffiDV. 

36  2  RETURN  AASK  AM)  INPUT (USARTIDATA). 

37  2  EM)  CIM 

38  1  TXPDV  PROCEDURE  PUBLIC; 

39  2  DO  WILE  NOT  SNR'  IMWUSARmTATUS>.2>; 

48  3  END, 

41  2  FM>  TWDV; 

42  1  COJT  PROCEDURE  (ITEM)  PCH.IC;  /»  OUTPUTS  "ITEM" 

43  2  DECIARE  I  TEN  BYTE 

44  2  DO  WILE  NfTClNPUTCUSARTlSTATUS '); 

45  3  EM); 

46  2  OUT(UT(USARTttATA)=ITEM- 

47  2  EM'  COUT; 

48  1  BITSKJW  PROCEDURE  PUBLIC; 

49  2  V  =  1MVK  USARTIDATA',  /•  *V  HERE  IS  A  BIT-BUCKET  *2 

58  2  EM'  BITIOUHP; 

51  1  PRNTMJH  PROCEDURE  PUBLIC 

52  2  H0S--8; 

53  2  DO  1*0  TO  Z 

54  :  IP  (V  *0ECIMAL<1)>  O  ZEPO  THEN 

55  3  G0S=1; 

56  3  IF  GOS  THEN  CALL  COUTCY'. 

SB  3  END, 

59  ?  CALL  COUT(CR) 

68  2  CALL  COUT(LF); 

61  2  END  PRNTNUH 

62  1  ECINT:  PROCEDURE (POINTER'  PUBLIC; 

63  ■  ,€CLARE  (POINTER.  FINAL*  ADDRESS, 

CHAR  EASED  POINTER  BYTE; 

64  ^  INAL*P0INTER4CHAR>  /•  FIRST  CHAR  IS  CHARACTER  COUNT  •/ 

65  2  l*«P:  DO  WILE  POINTER  <  FINAL 

66  POINTER1 POINTER+1, 

67  3  CALL  COUTCCHAR) 

68  3  EM)  LOOP; 

69  ,  EM)  PRINT; 

78  1  C<k  FETING  PROCEDUPE  PUBLIC; 
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I 

I 

I 

I 

1 

1 

f 


71 

2 

C8LL  WINK  t€LL  )>; 

72 

2 

CALL  eiT«4l*», 

n 

2 

ENABLE, 

74 

2 

F*>  GBEEMNG, 

75 

1 

EM  CONSOL  EPWXJLf 

*JWLE  IFMWTDN: 

0  «E»S2t  =  ««FW  271D 

v^  'able  m 8  si2E  =  eeeen  so 
MM**  5TAK  SIZE  *  mm  40 
115  LIICS  RM*> 
e  h  TOW  EHW(S) 

END  *  F'  n-m  fiflPILRTKW 


f 

4 


4 

< 


1 

4 

4 

4 


t 

I 

t 

I 

t 

t 

B 

I 
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ISIS-11  PLH-88  V3. 1  COT^ILATI  M  OF  HOOULE  RESULTSHOOUI 
OBJECT  NODUE  PLACED  IN  :F1:KUT  OBJ 

COWMlER  INV3KED  BY-  FINN  :Fl:RESULT  FLN  IXREF  DEBUI  DATE  (3  OCT  78) 


1  RESULTS4N0CULE :  (  \ 

2  1  TTVRES:  PROCEDURE  EXTEBWL 

3  2  O®  nWES. 

4  i  COMPOSITE  PROCENJRE  EXTERNAL 

52  END  COMPOSITE; 


6  1  CWf«r  PROCEDURE  EXTERNAL 

7  2  END  COMTCNT, 

8  1  COUT  PROCEDURE  <ITR)  EXTERNRL; 

9  2  DECLARE  ITR  BYTE, 

10  2  END  COUT. 

11  1  PRINT:  PRCCEDURE  (POINTER)  EXTERNRL; 

12  2  DECLRRF.  POINTER  ADDRESS; 

13  2  END  PRINT; 


14  1  PRNTNUH.  PROCEDURE  EXTERNRL 

15  2  END  PRNTMJt 

16  1  DECLARE  (RIFLE,  FILE)  BYTE  EXTERNRL; 

17  1  DECLARE  CR  LITERALLY  '80M'.  LF  LITERALLY  '0HH'; 

18  1  DECLARE  SCORE  (5)  STRUCTURE(RISS  BYTE.  NIT  BYTE,  LON  BYTE,  LOMRIGHT  BYTE. 

RIGHT  BYTE,  HIGHLIGHT  BYTE,  HIGH  BYTE,  HIGMLEFT  BYTE- 
LEFT  BYTL  LONILEFT  BYTL  ERROR  BYTE,  TURKEY  BYTE, 

TARGETIIGNORED  BYTE)  EXTERNAL 

19  1  DECLARE  OECINAL(T)  BYTE  PUBLIC; 

28  1  DECLARE  H,Z)  BYTE. 

(SUWSHOTS,  ICAPtMISSE?)  BYTE  PUBLIC; 


21  l  DECLARE  AOOER<5>  STRUCTURED  13)  BYTE)  EXTERNRL; 

2.  1  DECLARE  SPEED<5>  STRUCTURE  (SHOTS  BYTE,  TITCISUN  AOORESS)  EXTERNAL 

23  t  DECLARE  AVGDTIHE  ADDRESS  PUBLIC, 

24  l  COTWRT:  PROCEDURE  (HEX). 

25  '  DECLARE  HEX  BYTE. 

2t  >  DO  1*0  TO  2, 

l<  3  OECIHAL(M)*  HEX  NOD  10  ♦  38H, 

28  i  )€X  *  HEX  /  18; 

29  3  EW>; 

38  l  END  CONVRT; 

31  1  DECLARE  RIFLE*ID(8)  BYTE  OKI*'?.  'RIFlf.  '); 

33'  1  (ECLARE  TOTAL tSHOTS(H'  BYTE  DATA(13, 'TOTAL  SHOTS:  '), 

33  1  DECLARE  RIFLEIHIT(7)  BYTE  DATA(6, 'HITS:  '); 

34  l  (ECLARE  RIFLEIHISS(9)  BYTE  0ATA(8, 'MISSES:  '), 

■  1  CECLARE  PIFLEIL0N(7)  BYTE  DRTA<6,  'LONS:  '); 

,6  t  OECLARE  RIFl£*L0H4RI0HT(13)  BYTE  0ATA(12,  'LON  RIGHTS:  '); 


9 

9 

» 

9 

9 

9 

9 

9 

3 

d 

0 
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27  l  DECLARE  RIFLE  FRIGHTO)  YTE  DA  A<8, 'R1  >HTS  '■ 

38  l  imAPE  RIFLE*H1'3H*NIGM<14)  B1  IE  DAT!  12, 'HIM  RIGHTS  >. 

2?  1  t€af*l  RIFLEJH!  jH(8)  fvTE  WT)>  7, 'HIMS 

46  1  OECLAd  RIFlETHDmEFT  13>  BYT  PATH1  2,  'HIGH  LEFTS  '). 

41  1  DECLAd  RIFLE  R.EfT<8>  f  -TE  WTf  7,  'LEf  S  '>; 

42  1  PECLWE  RlFLE*umEFM2)  BYTE  0ATA*1.,'LCN  LETS  ' ), 

43  t  DECLWE  RIFLE*TtRKEY(13'  BYTE  C  Tft(ll.  NO  TAPKT  '), 

44  t  OECLftf  RlftE*THRGET*irNORED(lE  •  BYTE  ATA<17,  TARGETS  IGNOPEI  ') 

45  1  DECLARE  BUH**2  BYTE  IATA*2,CF  LF); 

46  1  OEtt^E  HOM»flNV#SHOTSae>  BYTE  DATA(1  ’•  'TARGETS  SHOT  HI  >• 

47  1  DECLAPE  AVEFAGEmiCU'o  BYTE  18TA<14,  AVERAGE  TIME  ')• 

«8  1  OEaflfE  UNIT5*8'  BYTE  WTA*?,  'SCOUTS'  •; 

>8  1  DECLflFf  VOUR4SORE  <18  BYTE  OP  (A  <17,  YOUR  RE fiJLTS  ARE-'*, 

*  1  DECLAlf  NM€<5>  STRUCT RE < LETTER <9 )  BYTE)  EXTFRNAL, 

OATE  *11)  BYTE  EXTERNR  ■ 

IMNUHBER  <6>  rVTE  EXTim, 

IMFLPG  BYTE  f  TERNAL 

1  1  PRESE  *T*RESULrS  PPOCEf-RE  PUR  !C, 

5  2  D1SAB  E; 

j  CALI  (TYRES.  /*  RESET  FOR  TT  OUTPUT  EE  CONSOL  N0f4.n  E  */ 

2  CALL  fRINT*  anWO, 

2  CALI  PRINT <  aFMO, 

2  IF  1  *4FLAG  THEN  DO, 

3  CALI  PRINT*  DATE'! 

5.'  2  cat  PRINT'  IMHTBEF 

6*'  3  ENt 

6-  2  C«  PRINT*  aAN) ), 

o,  2  C«  PRINT*  aANM, 

63  2  ONE«  FLEIRESILTS  00  HFLE-  TO  5, 

o4  2  IF  SI  ED<RIFLE~1'>  HOT,  :>  A  THEN 

o'  ?  TYPE!  :T  DO. 

<x  4  ca,  PRINT*  af*# 

o'  4  cat  PR!N'<  R1FLF1ID' 

-'6  4  cai  COUT*RIFLE+?0H), 

0.4  4  ca  PRINT*  aANF>, 

.>  4  CAI  PRINT*  aAMOi 

71  4  IF  K  IFlflG  THEN 

4  C«  PRINT*  NATE'RIflE-D) 

7  4  cat  PRINT*  VaR! SCORE ’ ■ 

74  4  ca'  PRINT*  aAT# ». 

7'.  4  ca  PRINT*  aANI  '. 


7*  4 


Fit  f  =RIFLE-1; 


/*  K5  UfTII  f.. 


m  ! 


CAU  FRINK  TOTALISHOTS), 

SUMSNOTS  «  ft 
SUH:  DO  24  TO  lL 

SUWSNOTS  «  SUWSHOTS  ♦  AOCER(FILE)  J<Z); 

E*>  sun, 

NEAMA1SSE5  =  ft 
SUN2:  OO  2  •  2  TO  9; 

MEARHUSSES  «  lORimSSES  ♦  AD0ER<F;LE).  HZ), 
EM)  SUK2, 

CALL  CONVRT<SUH*SHOTS); 

CALL  PRNTIU1; 

CALL  PRINK  R1FLEIHIT); 

CAU  CCNVRT<9C0R£<FILE)  HIT); 

CALL  PRNTMIt 

CALL  PRINK  RIFLEFHISS); 

CALL  C0NVRT(5C0RE<FILE>  HISS), 

CALL  PRNTNW 

CAU  PRINK  RIFLEILCM); 

CALL  CONVRT<SCORE<FILE)  LOW), 

CAU  PRNTNUfc 

CAU  PPINT<  AIFLEHOHIRIQKT), 

CAU  CONVRT<SCORE(FILE).  LOHFRIGHT); 

CAU  PRNTNUH, 

CAU  PRINT'  RIFLEFRIGHD 
CAU  Cf»M?T(SCORE<FILE)  FIGHT), 

■CAU  PWTMUM. 

CALL  PRINT<  RIFLEIHIGHFRIGHT), 
fAU  CONWT  SCORE'FILE).  H1GWRIGWT); 

CAU  PAKTOJ1; 

CALL  PRINT'  RIFLEtHIGM) 

CALL  CONVRT'SCORE(FILE)  HIGH); 

CALL  fANTNUH, 

'CALL  IRIHT(  RIFLEIHIGHILEFT); 

CALL  '  QNWT<  SCORE  (FILE)  HIGHFLEFT); 

CAU  PRHTHUH. 

CAU  PRINT'  RIFLEFLEFT) 

CALL  CONVRT'SCOREIFILE)  LEFT). 

CALI  PRNTNW, 

CALL  RINT<  RIFLEFLOMFIEFT), 

CALL  0NVRT(eC0RE<FILE)  LOMFLEFT); 

CAU  RNTNUH, 


1 

1 

I 

t 

1 

3 

1 

3 

I 

l 

3 

3 

3 


CALL  lRlHT<  FIFIEFTURKEV); 


m  4  (CL  CCNVRKSCOREIFILE  TtJRKE ■'); 

12*  4  ( CL  PRNTNUH. 

121  4  i  CL  PRINT!  RlFlE«T«Q£T»lQNn(®)i 

122  4  i  CL  CON\A?T<SOOR£<F!l£)  TWO  TfIGNJRED). 

1?3  •»  ALL  WMIt 

1.  4  -t  ALL  PR1NT<  H0M*NMY$SH<  TS>, 

ITS  4  ALL  C0KVRT< SPEED' r HE'  *0TC 

Uk.  *  ALL  PRNTNUN, 


l.:  4 

1 .8  4 

1*  4 


l.<*  4 

l<r'  4 


14t>  4 


-ALL  PR  NT<  AVERAtt*TlHE>. 

F  (2  -  PEEP'FILE)  SHOTS)**  THEN  ?*1, 

WGITM  =  (SPEED'FILE'  TIMEtSU*V2A>/Z; 

ALL  CONRT(LOM(flVG4T]»C))j 

F(2  *Ct;ciHC(«»  O  '*4M»CN  (ALL  CtJUTIZ), 

CALL  CJUT'DEClHAL'l) 

■ALL  C('/T<2EH>:  i-  PERIOD  (R  DECIMAL  POINT  */ 

ALL  O.  JT(0€CIMRL'2" 

'ALL  CPUT<2BH>, 
fALL  PRINT'  UNITS) 

-m  can<CR), 

CALL  COJT(LF), 


141  4  CALL  PRINTv  BLANK) 

1).  4  CALL  COMMENT,  /♦  0*l€NT  As  TO  P  ACTION  MAE  */ 


14  4 


CALL  PRINT'  BLANK). 


COMPOSITE  IS  EASv  Tf-  CHANGE  IT'S  IN  MODULE  •FINAL* 


CALL  COWEITE,  /»  THE  COMDSITE  SCORE  IS  INITIALLV:  = 

10B*<HITj/SHOT5)  ♦  6A«<TtAR  HJSSES/SH'TS)  ♦ 
1D*(TIW  CREDIT  FROM  'ROCEWJRE  ’COMMENT*,  ABOVE) 
-  2*<»reER  OF  TARGE’S  IGNORED)  */ 


14  4 


(ALL  PRINT'  BLANK* 


14  4 


m  TVPEII  . 


14  2 


EO  0NE4RI lEIRESUL 


14  2 


ENABLE. 


END  -RESENT  ^RESULTS. 


r  l 


EW  PESULTSlAOttJLE, 


«:»•  >  INTONATION 


ODE  AREA  SITE  «  *491H  l*-SO 
VARIABLE  AREA  SIZE  *  BBBAH  100 


C-37 


1  OCT  78  PRQE 


NaXINUR  STACK  SIZE  *  0806H  60 

2*5  lICS  READ 
0  PROGRAM  ERROR(S) 

end  of  Pi/n-ee  coeiuniow 
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nyh  *  LumttK 


ISIS-ll  PL/H-88  V3  1  COMPILATION  Of  MOOULE  FINA  .MODULE 
OBJECT  nCn  JLE  PLACED  IN  : FI  FINAL  -Jpj 

CCailEP  INVOKED  BY  PL  MBA  FI  FINAL.  PIM  I«£F  DEBUG  DATE  (25  JUN  79> 


1  FINAL*’  OOULE  DO, 

1  1  OCCLARf  SP€£D<5>  STRUCTURE (SHOTS  BYTE,  TIMEISUH  ADDRESS)  EXTFRNAL, 

(FILE-  RIFLE.  SUW5H0TS,  «AR**1ISCES)  BYTE  EXTERNAl , 

U  BYTE,  AVWTire  ADDRESS  EXTERNAL, 

SCORED)  STRUCTURE (HISS  fYTE,  HIT  BYTE,  LON  BYTE,  LOHtRIGHT  BYTE, 
RIGHT  BYTE,  HIGWRIGHT  BYTE,  HIGH  BYTE, 

HIGWLEFT  BYTE  LEFT  BYTE.  LON  FLEET  BYTE, 

ERROR  BYTE,  TURKEY  BYTE,  TARGET* IGNORED  BYTE) 
EXTERtR, 

FAST  «;>  BYTE  DATA  (41,  HAN"  YOU' 'RE  T)€  FASTEST  SHOT  IN  THE  NEST'), 
GOOO  (2r)  BYTE  DATA  (24,  KV'  VOU"RE  PRETTY  QUICK'), 

FAIR  (30  BYTE  DATA  (27,  OH  HELL1  THERE"S  HOPE  IF  YOU  SPEED  UP'  ), 

POOR  (2)0  BYTt  DATA  (29.  SORRY.  BUT  YOU''RE  PRETTY  SLOT). 

CP  LITF-  ALLY  AOH  LF  L (TERALLY  'BAH', 

(TlftJCPEDlT,  N)  BYTE; 

2  1  COUT  PROCEDIJRE  <’LTR)  EXTERNAL, 

4  2  DECLARE  LTR  me. 

'o  2  ETC-  COUT; 

t  1  PRINT  fROCEOLR-  (POINTER)  EXTERNAL, 

7  2  DECLARE  PC  NTER  POORESS; 

K  2  EH  PRINT. 

-  1  COWtNT  PROCED  RE  PLFUC 

]•’  2  IF  AVG*TIHE  <-  5  TAEN 

1  2  DO- 

3  CALL  PRINK  FAST  • 

!  3  TIHE*CREOIT  =  2. 

■  3  END. 

2  ELSE  IF  PNG*  iME  >  9  T)€N 

2  DO. 

'  3  CALL  PRINT  GOOD'. 

3  TiME*CREDIT  =  ? 

•  3  EiJO; 

i  2  ELSE  IF  HVGMHE  >  13  THEN 

2  D  • 

•  3  CALL  PRINT'  FA[K>. 

3  T  PCRCREDIT  =  1 

•  3  P4>; 

■  2  ELS)  DO, 

3  f‘LL  PRINT.  POCK), 

T  l  f€*CS£DIT  -  c 

3  E»N>. 

'  2  END  CONTENT, 

’  1  HX2A;.  PROCEDURES  WDR,  OECIAR)  PUBLI’S 

2  D€CLAPEOCX*ADR,  D>  '*ADR>  ADORES  j, 

HEX  BASED  »<E  (*ADR  ADORE?  S, 

DECIMAL  BA  ED  DECtADR  (r  >  BYTE, 

'N,H>  BYTE 


C -39 


t/n-00  (toiler 


25  it*  <■*  nv« 


32 

2 

DO  N  =  0  TO  4, 

3- 

3 

IW-N; 

3« 

3 

DECIMALS)  *  HEX  <00  10  *•  30H; 

3S 

3 

ICX  *  MX/10, 

3» 

3 

EM); 

3 

2 

H=8; 

3* 

2 

DO  WHILE  DECIMAL(N)  s  30H  AM)  N 

3- 

3 

DECIMAL(N)  *  2AH; 

4»' 

3 

N  «  N  ♦  1; 

41 

3 

EM); 

42 

2 

EM)  HX2AS; 

41* 

1 

COMPOSITE:  PROCEDURE  PUBLIC; 

44 

2 

DECLARE  C0HPC24)  BYTE  DATAC23, ' 

/*  REPLACE  LEADING  ZEROS  MITH  SPACES  *t 


OVERALL  ADDRESS. 

DECJNUN  (5)  BYTE; 

4!  2  OVERALL  *  |M*(SC0RE<FILE)  HIT)/9MSHOTS  ♦  6MCNMISSES/SUWSH0TS 

♦  10*TIHE*CREDIT  -  2*'SCWE(FILE>  TARGETflONOAED), 

4t  2  CALL  PRINTC  COUP); 

47  2  IF  OVERALL  <  §FWH  THEN  DO;  /*  I.  E  OtCX  FOR  MOATIVE  SCORE  */ 

4S  3  CALL  »<2AS(.  OVERALL,  OECmUH), 

5P  3  DO  N  -  0  TO  4, 

51  4  CALL  COUTCDECINUNCN)); 

51  4  END, 

52  3  END; 


CALL  COUT(CR); 
CALL  COUTCLF); 
CALL  COUTOF); 
EM)  COMPOSITE, 

EM)  FINALtMOOULI 


tW<lE  INFORMATION: 

CODE  AREA  SIZE  *  022% 
VARIABLE  AREA  SIZE  *  0010H 
HAKINJM  STACK  SIZE  =  000BH 
85  LINE  ’  READ 
0  PROGRAM  ERROFIS' 

EM’  OF  PL/M-’«  COMPILATION 


t 

i 

I 

ft 

» 

ft 

ft 

* 

ft 

ft 

ft 

ft 

ft 

0 


isi-  iipl/h-80‘  i  coh>ila:ion  a  moouli  interrupt? 

OBJtCT  HOOULE  PI- ED  IN  FI  INTER  8 J 

m  HER  INVOKE!  I Y  Pl«*  Fi  IN  ER  PLH  ')®EF  DEBUG  l-ATf  Q  OCT  78' 


♦NOINTVECTOR 
INTERRUPT?  DO, 


1  DECLARE  TRAIN  BYTE  F  <TEPNAL 

AOOCH2  LITERALLY  0O6H'.  /•  ADCRESS  TO  WHICH  HE  SEW)  THE  FOLLQNING 

NON-SPECIFIC  EW)  OF  INTERRUPT  */ 

OCH2E  LITERALl V  20H'.  /*  THE  NON-SPECIFIC  EOI,  SEE  PAGE  >188 

AND  PAGE  >100  */ 


1  INTFPRUPTIROUTINE  .ROCEWJRl  INTERRUPT  7  KaiC; 

4  2  TPHIN=«,  •  PROGPm  HILL  CALL  FOR  RESULTS  TO  BE  TYPE  ■  OUT  */ 

■j  2  0  rpUT(ADOCJC)  --  0  H2E, 

-  2  El  D  INTERRUPTIROUT.NE, 

;  1  EW  INTEPRUPT7. 


NMJF  INFORMATION 

•  i  OF  AREA  S 1 ZE  *  001TH  190 

VARIABLE  FRFA  SIZE  =  00O0H  00 

HRXIMUN  S1  SIZE  -  00ASH  80 

1'  LINES  FI  f) 

0  FROGRAM  •  *OR<S> 

El  1  OF  'L/N-88  WP1LATI0N 
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APPENDIX  D 
UP: -41  PROGRAM 


148  FI  UPI411.  SRC  HP  RCFILE  "EBUG  »  HI  TPLET'IF  JAN  79') 
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LOC  OBJ  SEQ  -OURCE  S'ATEMENT 


1  . 

2  ; 

4  . 

5 

6  . 

7  . 

8  ; 
9  , 

18  , 
11  . 
12  ■ 
12  ■ 

14  . 

15  ■ 

16  . 

17  ■ 

18  • 
19  • 
28  . 
21  , 
22  . 
22  . 

24  , 

25  • 

2*  i 

27  . 

28  . 

29  ■ 

30  • 

31  . 

32  s 

33  ; 

34  , 

35  , 

36  • 

37  , 

38  . 

39  • 

46  . 

41  . 

42  . 

43  • 

44  , 

45  • 
44  . 

47  . 

48  , 

49  . 

50  . 

51  • 

52  . 


ASSEWL  LANGUAGE  PROGRAM  WRITTEN  FOP  THE  VJP1-41 
TUNIVEF  H l  PERIPHERAL  INTERFPCE-41)  HOPING  THE 
SHIER  ERH  OF  ACADEMIC  YEA  77-78  BY  TAOHRS  J 
RIORDF*.  4HILE  WORKING  AS  A  GRADUATE  ASSISTANT 
FOR  DR  -ER8ERT  C  TOM.E  AT  THE  NAVAL  TRAINING 
tflUIPNENi  CENTER  (NTED  IN  ORLANDO  FI  OF  IDA 


TIC  PROGRAM  ACCEPTS  F  PARALLEL  DATA  TPFWSFER  FROM 
AN  OUTPUT  PORT  (8255)  OF  AN  INTEL  SBC-fA/20-4 
SINGLE  BOARD  COfUTEP  SVSTEK  THE  DOTH  WORD  IS 
DECODED  TO  OBTAIN  A  REFERENCE  COLUMN  OH  THE  FACE 
>f  PH  ADM  CRT  TIC  CRT  CURSOR  IS  THEN  POSITIONED 
IN  THAT  COLUMN.  THE  DATA  WORD  IS  FURTHER  DECODED 
TO  OBTAIN  TIf  ADDRESS  IN  ROM  OF  A  TEXT  STRING  WHICH 
IS  THEN  SHIFSD  OUT  1/RIALLV  THROUGH  AD  I/O  PLAT 
LINE  If  THE  i  PI-41  AT  ,9286  BAUD  IMF  PROGRAM 
IS  INTERRUPT  1RIVEN  AND  UTILIZES  A  FIT*.  STACK  TO 
BALANCE  OUT  DISPARITIES  BETNEEN  THE  FhIE  AT  MHICH  IT 
'DAN  SHIFT  OUT  SERIAL  DATA  AS  COMPARE!  0  TIC  HIGHEST 
POSSIBLE  RATE  AT  MHIfH  IT  NUST  ACCEP’  PARALLEL  DATA 

THE  RLMTIIC  CONFIGURHHON  OF  THE  UP!  •»!  IS  AS  FOLLOWS 


REGISTER  BAN)  8 


REGISTER  0<RM> 
REGIS' ER  KR’.) 
SEGISIR  2(R ;) 
REGIS  ER  3<R!) 
REGIS  rER  4<RI) 
REGISTER  5<R5) 
°EGISTER  6<F5) 
REGISTER  7<R 7) 


7  BIT  ASCII  CODE  COL* HER 

ASCII  CHAR  TO  BE  OUT!'  T 

COUNT  FOR  VAP1ABLE  DEI  AV 

OUTPUT  STRING  ADORES- 

HASP  VALUE  FROM  LOOM  TABLE 

BINHPY  CODE  FOR  CRT  '  LUHN  POSITION 

COUNTER  FOP  STRING  0"'PUT 

PARAL  LEL  DATA  TRANSfn 


REGIC TER  BANK  1 


REGISTER  0(P0) 
REGISTER  1(F1) 
REGISTER  2<F2) 
‘CGIS  TER  3<P3) 
REGISTER  4<R4) 
REGIS ' ER  5<R5> 
REGIS' £P  6(P6) 
REGISTER  7(R7) 


CUPFTNT  DATA  POINTER 
FINW  IiATA  POINTER 
8UEUE  STATUS 
ACCUNLATOR  STORAGE 
UNUSED 

CCNSTPNM93D 
CONSTANT =2241' 

TEMPHRARV  DATA  WORD  TRADE 


PORT  1  SERIAL  TRANSMISSION  ON  BIT  ' 

Ft*  I  2  LINES  0-4  USED  AS  A  MASK  IN'  T  TO  INHIBIT  TE  TT 

STRING  OUTPUT  LINE  7  USED  • j  ENAfti  CHIP  St LEG T 
n-T 


ISIS  I  NCS-48/UPM1  MACRO  ASSEMBLER.  V2  •  PAGf  2 


18  Jhh  79 

LUC  OBJ 

SEC 

SOURCE  ST8TOENT 

53  ; 

54  ; 

55  , 

56  ; 

»*- 

57 

ORG  0 

dfkk)  (UOO 

Ow*1  ,lvW  1 

58 

JH» 

INIT  ;  PRESET  INTERRUPT  VECTORS 

081 

59 

ORG  30 

; EXTERNAL  INTERRUPT  VECTOR 

001'  0458 

68  EXTINT 

JNP 

INROUT  . Jl»f>  TO  INTERRUPT  ROUTINE 

08" 

61 

ORG  70 

, TINE*  INTERRUPT  VECTOR 

ik|Lj  ;  ftii'fl 

U9WI 

62  TIHINT 

JNP 

TIINRT  TINEE  INTERRUPT  ROUTINE 

63 

ORG  100 

008H  ’85 

64  INIT 

CPI 

F8  .SET  Fi  8G  SO  INTERRUPTS  NOT  ENRBLED 

65 

OUR 1  Mi  INITIALIZATION  ROUTINE 

I**!  we 

66 

HNL 

P2.ME0H  ; NUMBER  MILL  DRIVE  LUCS  0-4  TO  GROUND  IN  C8SE 

67 

;UC  S1NULRTI0N  PGN  IS  GOING  TO  BE  RON  1  E 

68 

;TWS  HILL  KEEP  EACH  RIFLE  FROM  PICKING  UP 

69 

;AN  EXTRANEOUS  SHOT  OLE  TO  THE  OUTPUT  LUCS 

70 

.CONING  UP  HIGH— 08/20  8212  CLEAR  Hill  NOT 

71 

;  HAVE  BEEN  DONE  AT  THIS  POINT  IN  TINE-, 

72 

.LINES  5  0  6  HILL  BOTH  BE  HIGH  AS  REQUIRED 

73 

,  TO  LET  AN  EXTERNAL  SIGNAL  CONTROL  THE  TAR  PRES  FLAG, 

74 

,  BUT  NIU.  NOT  ENABLE  THE  CHIP  SELECT  IMCH 

75 

;  IS  TIED  TO  LUC  7 

mi  8918 

76 

NOV 

RM18H  .ASCII  CHAR  TO  CLEAR  CRT  SCREEN 

000t  3438 

77 

oil 

OUTPUT 

*er  3450 

78 

cm 

mm 

001  3418 

79 

cm 

LOCSET  SET  JP  CRT  T0  ACCEPT  X  COORD  VALUE 

081c  8920 

80 

NOV 

P1.020H  X  VA.UE  FOR  COLUMN  1 

801  3430 

81 

cm 

OUTPUT  ROUT TO  O®  ASCII  CHAR81  TER 

0019  os 

82 

SEL 

PB1 

0010  8820 

83 

NOV 

R0.I32D  .  INIT  AL  VALU  FOR  RE8D  ICHORY  POINTER 

801C  3920 

84 

NOV 

01,1320  INIT  AL  VALU  FOR  HRITE  NEMORV  POINTER 

001E  3800 

85 

NOV 

P2, 00  CLEAT  QUEUE  STATUS  REGISTER 

0028  J6E0 

86 

NOV 

R6. 12240  ; 224  ♦  32  AVAILABLE  LOCATIONS  IN  RAN 

87 

<»  256  =>  OVEPflON 

0022  30C1 

88 

NOV 

R5,*1930  ;  193  ♦  631LAST  RAM  ADDRESS)  =  256  => 

89 

; OVERFLOW 

8024  <860 

90 

RNL 

P2.060H  ,  ENABtE  CHIP  SELECT 

8026  <5 

n 

EN 

I  ,  ENAB  E  EXTERNAL  INTERRUPTS 

8027  8 

92  WRIT 

NOV 

A.R2  .GET  CJEUE  STATUS 

0621:  .627 

93 

'4  ; 

•  -5  , 

JZ 

MBIT  ,IF  QUEUE  Elf  TV  HO  ACTION 

'6  . 
'7  . 
'8  ; 


<M2H 

0 

3  START 

NOV 

fi,#R0 

•  GET  D»'TR  FROM  RAN  LC"  AT  ION 

0826 

f 

1P0 

NOV 

R7,fl 

STORE  DATA 

002i. 

8 

18 1 

OEC 

R2 

DECREICNT  Ql€UE  STATUS  REGISTER 

0M2O 

0 

10 

NOV 

8.R5 

193  DECIMAL 

002E 

8 

1« 

ADO 

8.  R0 

CHECK  FOR  LAST  ACCESS  BEING  #  TOP  OF  RAM 

002E 

<633 

101 

JNZ 

CONT 

00  1 

S1E 

10' 

NOV 

R0,»31C 

ONE  LESS  THAN  BOTTOM  OF  RAM 

0033 

18 

if  •  cwr 

INC 

R0 

. NEXT  RAM  ACCESS  LOCAT ION 

0034 

E 

It  ' 

NOV 

*.R7 

RETRIEVE  DATA 

1 

I 

t 

t 

I 

I 

t 

» 

» 

I 

$ 

* 

I 

1 

3 


i 
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L  t  OB 

SEQ 

S<  RCE 

STATENENT 

W35  a 

108 

1  L 

F 10 

mb  af 

109 

r  v 

S7,A 

M37  431 1 

110 

I  L 

A  W0H 

«39  37 

111 

'  t 

A 

663A  % 

.12 

<2 

cirni 

me  441 

U3 

P 

FIFSIH 

114 

f«e  am 

115  CONTN: 

116 

f  L 

P2.I1FH 

0*0  FF 

ir 

N.V 

A  R7 

0*41  346 

11' 

CAUL 

MASK 

»-43  B65 

11 

JF0 

ESCAPE 

At  45  341 

12 

CALL 

UCSET 

e»47  n 

12 

NOV 

A  R5 

12 

i«i4b  341 

12 

CALL 

148 

*4H  FF 

12 

NOV 

AR7 

«64B  4? 

12 

SWAP 

A 

12 

12 

664C  531  ’ 

121 

ANL 

A  MF0F 

mt  * 

129 

NOV 

R':,A 

664F  E3 

1  8 

H0VP3 

A  0A 

■*50  HE 

11 

<«V 

R>',  A 

t# 51  34, 

i:  > 

CALL 

S  "ROUT 

0»5i  34' 

13  i 

CALL 

CllF 

6655  05 

1 >4  ESCAPE 

SEL 

R^l 

An5b  64. 

i:  *. 

JHP 

MiIT 

i:»» . 
i  . 

1  ::  ; 

137  • 

141'  , 

‘>656  05 

141  INROUT 

SE 

RW 

v  69  At 

142 

HI  t 

R?,A 

H«A  Fi 

n: 

NC  V 

A.R6 

►>.iSEi  b* 

144 

Al") 

A,R2 

6>i5C  Ho8 

145 

JZ 

QUEFll 

0»5E  U 

146 

INC 

P2 

6*'5f  2i 

147  • 

IN 

■  •  068 

140 

6te«  hi 

149 

NiV 

PI/ A 

t\tel  FO 

;50 

HIV 

•  R5 

.  te/  67 

i51 

AC 

•  R1 

152 

/>*>.>  96<  ■ 

153 

•JC 

JNT1 

h"65  89  F 

154 

HiV 

-  t.  »310 

<**>.'  19 

'.55  CONrl; 

I-C 

1  1 

6te«  FB 

56  QUE  UL 

:  NOV 

R3 

.•<67  73 

157 

FETR 

*teH  b3 

58  TI1«T 

:  STOP 

LNT 

w"6B  C7 

.59 

NOV 

-■PSM 

i*  ar 

60 

DEC 

- 

"  tel1  53  "7 

61 

AH 

'  *07H 

•tef  E.' 

62 

RL 

■ 

.  STORE  D  iTA 

.  SET  BIT  WHICH  S  HARD  HIRE!  LOM 


,  IF  COM  FOR  R!  .£  SIMULATION  fn.irj* 
i  MRS  SENT  Jiff  0  IT 
,  IF  SIMULATION  1  *  NOT  BEING  PWt 
,  TFCN  P"»!T  2  0-  MUST  BE  IlfWs 
;RETRI£  t  DATA 

OCCK  TO  SEE  II  OUTPUT  DESIRE!' 

;  IF  ftf  >  SET  HR  T  FOR  ICM  DATA 
;  SET  If  RON  TO  KCEPT  X-COCRD  V-cUE 
, GET  R  FLE  ID  Fiat  PROCEDURE  MA'K  STORAGE 
;LOCAT  ON 

; TAB  O'ER  TO  LO  RT10N  CORRES  TO  =>IFIE  • 

;  RETRIEVE  80/20  DATA 
,  PUT  COOf  FOR  r  PE  OF  SHOT 
,  IN  UPPER  4  BIT  TO  RLLOH  ftC'  ES  TO 
, 16  NEHORV  LOCR’ IONS  PER  SHOT  t vp£ 

;NASK  OUT  LOM  0  ER  BITS 
/STORE  RELATIVE  ADDRESS  OF  CHRP  TRING 
,GET  STRING  LENGTH 
;  STOPE  COUNTER  V1UE 
; PROCEDURE  TO  01  PUT  ASCII  STP 

; RETURN  fO  CORRi  T  REG  BANK  FOP  ifllT  LOOP 


.  interrupt  reg  Ba# 

S-VE  ACCUMULATO--' 

^40 

■  O-ECK  FOR  QUEUE  FULL 
. IlCRENENT  QUEUE  STATUS  REGISTER 
, INPUT  DATA 

;  Ff  ON  SR  INTERRUfT  STORE  FF 
,3  IRE  *W  DATA 

.1  iO 

,  i€CK  TO  SEE  IF  STORE  MRS 
,  ill  LAST  HVAILARF.  RAH  LOCATION 
,  IF  NOT  T>CN  CONI  INUE 
-  ^UTOH  OF  QUEUE 
;  ;iCRD€NT  WRITE  IOINTER  REG 
, *■  ESTORE  ACCUMULATOR 
TURK  FROH  INTEFRUPT 

; PREVENT  FURTHER  TI«f  NERFIOW 
/THIS  SECCNCE  OF  OPEVhTICNS  ALLOWS 
,THE  RETURN  ADDRESS  HHI  H  MAS  STORED 
/ON  THE  STACK  TO  BE  AU  RED  SO  THAT 
/ON  RETUH  IT  WILL  NOT  ONTINUE  IN 
l)-3 


1 

f 
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l'  OBJ 

SEB  SOURCE  '70TBCNT 

ft  'ft  63*6 

163 

ADO 

M6 

;THE  SAME  LOOT  IT  HRS  IN  WHICH  EORCFD 

ft  >2  A6 

164 

HOV 

R6*A 

;T>C  IMTERRUP1  CALL  IH  THE  FIRST  PLACE 

ft  3  16 

165 

INC 

•Rft 

; PROCEDURE  CflN  BE  FIGURED  OUT  EY  REF 

ft  4  16 

163 

INC 

«6 

iUPl-41  NRNUft  PP.  2-8,9. 

»•  3  2314 

167 

NOV 

ft,  HON  FHL1 

ft.  '  5430 
ft-  '  93 

16: 

169 

CHI 

RETR 

FAIL 

ft'  i  23F0 

170  FINIS: 

NOV 

ft,!  LOW  DOC  i  TEST  COMPLETE  (CSSfltt 

ft'  flB 

171 

NOV 

R3,A 

ftO  E3 

172 

KJVP3 

MA 

ft'T  fit 

173 

NOV 

R6/A 

ft'.'t  3427 

174 

CALL 

STROUT 

ft.-l  3450 

175 

CALL 

CRLF 

1  •  0483 

176  »£« 

1.7  , 

1  8  . 

JI6> 

HERE 

iMRII  FOR  RESErrCEXTERNflL) 

1  -9  .  SUBROUTlItS 
130  . 

181  ; 

18!  > 

IN  FIRST  RHGE  OF  NENOFv 

ill" 

18J 

ORG  2560 

61 

H"i  62 

64 

•  68 
>>4  10 

184  HSKDflT: 

06 

10,20, 41’ 

30,160 

.  .  ..  53E0 

16!  MR* 

RNL 

ANE6H 

MR*  OUT  5  ION  ONOEF  BITS 

•i  ;  47 

1ft 

SURP 

A 

RIFLE  ID  IN  PITS  1,2  3 

>.'■  77 

18. 

RR 

A 

IN  BITS  8.1,2 

.  -  Rt> 

10 

MOV 

R5-0 

STORE  RIRE  COOE 

■ 1  i  07 

10 

DEC 

A 

°IFLE  CODEC!  II.E)  ft-' 

Li  t  H3 

19» 

NOVT 

A,0A 

GET  1 OOKUP  VALUE  FOR  CURRENT  P1FLE 

•  «!>.  AC 

19. 

MOV 

R4A 

STORE  VALUE 

>il  -  06 

193 

IN 

A,  82 

'£T  f  IFLE  Hft* 

•  ..L  5C 

l'.i 

AML 

AR4 

05 

11 

CUR 

F0 

■  ’  i  *13 

19’  • 

JNZ 

C0HT2 

!in»  IF  Rias  NOT  NESKED 

‘i|  *  95 
>>  03 

19* 

0*1 

FO 

€T  FlAG  INC  ICATINO  «* 

19.  corn; 

RET 

RETURN  FROM  SlBROUTl* 

•  >  17 

190  TAB 

INC 

ft 

REAT'!  CORRLCT  DIGIT  FOR  HIGH  BVTF 

■  47 

1«9 

fltf.r. 

ft 

■UT  H  HIGH  BVTE 

>  69 

2fti 

NOV 

Rt  ft 

'  -4j0 

2VI 

CALL 

OUTPUT 

W  ‘ 

2-> 

REi 

ETURI  FROM  rU6R0UT!NE 

•  •  69ie 

2*'  LOCSET 
2ft. 

no. 

R1  HBH 

3SCII  ESCAPE  'REF  AM  MANUAL 
,-f  U  SOR  PO  ITIONI1^) 

-  3438 

20* 

CHl 

OUTPUT 

0930 

366 

HO 

R1  I3CM  ,  ASCII  EQUALS 

•  3438 

267 

CAi  i 

OUTPUT 

6937 

266 

nov 

R1-I37H 

.•■ON  2-  OF  ADM  TERMINAL 

<5  3436 

269 

ou 

OUTPUT 

,  83 

216 

RE 

••■ETUR'  FROM  SUBROUTI* 

•  .  18 

211  STRUT 

Ift 

P3 

.GET  T1  LOCATION  OF  TFVT  BEGINNING 

>'13  FB 

212 

213 

no- 

AR3 

RETRIEVE  PAGE  3  ADORE'S  OF 

ASCII  STRING 

D-4 

I 

I 

I 

i 

» 

i 

9 

9 

9 

I 

9 

9 

9 

9 

9 

3 

0 


L 
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LX  BJ 

SO 

SOURF.  S'-TEHENl 

0129  3 

14 

MM3 

A,  BA  .XT  CII  CHflF  CTER 

8120  9 

15 

HOV 

H.A 

8128  438 

>16 

cat 

OUTPUT 

0120  E27 

317 

DJN2 

Rs.  STRUT 

;  HAVE  F  L  CHAR  BEEN  OUTPUT 

012f  3 

318 

RET 

;  RE  TU  N  FRON  9  9R0UT1NE 

0130  5 

19  OUTPUT 

OIS 

1 

8131  807 

220 

NOV 

(HI07H  ; SERIAL  BIT  COLTER 

8133  9 

321 

HOV 

P  R1  ,GET  W3CII  CmXTER  TO  BE  OUTFIT 

004  900 

322 

fM 

F1.I0GH  >  PUT  GUT  START  BIT 

8138  m 

323 

NOV 

FJ.ifrtH  ; SET  UP  DELflV  (OOP  LENGTH 

808  440 

24 

C0LL 

ffLflV 

0138  9 

25  L00P1 

OUTL 

f !  ft  ; OUTPUT  CURREIT  BIT  OF  SERIAL  'ODE 

0138  : 

26 

RF 

6  .GET  NEXT  BIT  1  c  ASCII  CODE 

81 3C  8 

27 

NOP 

,  WRIT  1  INSTRU  3 ION  CVCIE  TO  COMPENSATE 

28 

> FOR  RR  BEING  "  SINGLE  CVaE  OPERATION 

01 30  H02 

29 

NOV 

F  .I02H  .SET  UP  DELflV  (OOP  LENGTH 

81.(7  440 

30 

CALL 

CHAV 

0141  t  (30 

31 

DJN2 

ML00P1 

; TEST  F OP  7  BITS  OUTP"' 

8143  i  *01 

32 

OR. 

Fl.MlH  PUT  OIF  STOP  BIT 

8145  1  103 

33 

NOV 

F  2.W3H  SET  UP  DEL  AS  lOOP  LENGTH 

J147  .  -40 

34 

CflLL 

TELAY 

8149  t  4C 

.  5 

JF0 

'•OINEN  IF  IN  SETUP  ci  GHENT  DONT  ENHE-l  -3  INTERFUPTS 

••148  t  ■ 

,  * 

EN 

» 

“14L  8 

.  7  NOIFtN 

RET 

RETURI  FRON  ‘  iWWTItt 

*•140  E  40 

38  DELAY 

DJNZ 

F2,0aAS 

iVARHSLE  DELflV  DEPFM-  «  ON  R7 

Ml4f  8 

<9 

RET 

RETUM  FRON  ’EPOUTINE 

t'150  6  98 

>«  DELflSl 

NOV 

F1.0150C 

ilCSTF  .  DELAY  LOOP,  h  OX  1/4  EC 

•  152  B  fF 

•1  DLOOf 

NOV 

R2.00FF0 

i 

*•154  :•  .40 

:i2 

CflLL 

'ELAY 

t  F  ^52 

43 

DJNZ 

-  L.  DLOOF 

8  L'38  *  > 

^♦4 

RET 

k 159  1 • 

45  PULBIT 

NOV 

*i.  R6 

CURR  **T  RIFLE  NUNBFF 

•  150  e 

.46 

OEC 

CREA't  POINTER  FOR  10’  -UP  TABU 

"156  0 

.47 

MWP 

M.ffl 

GET  f  dE  WITH  CORRECT  au.SE  BIT  SET 

"15:  8 

74  ■ 

RET 

>'15£<  ft  JM 

. J  •  CRLF. 

NOV 

•1.00AH 

;UNE  FEED 

•  15F  34  8 

CflLL 

njTPUT 

•  161  6-  v 

2.-1 

HOV 

R1.M0H 

.CARR!  -QE  RETURN 

•  1*  3  34,8 

21 

CflLL 

•UTPUT 

*  ..65  «: 

"l 

C 

RET 

1m>  2. 

2  •*  CJCCK 

CLR 

“ 

TIICR  STARTING  COUNT  I  P  TIICC  JT 

?■>. 

TIC  PFXE550R  HILL  BE  INTERRUPTED 

?- 

IF  TM  90/26  DOESN  T  FESPOND  FITHIN 

? 

A  SPE'  IFIED  TIME 

*.7  6. 

2-4 

NOV 

'.ft 

LOAD  MHER 

"  88  5‘ 

?9 

STRT 

r 

* 

START  TIMER 

•'.*9  5*.'.9 

2>*i  LOOK 

JT1 

1  OOK 

UP!  H  LI  LOOK  FOR  Ft  ST  T  UNTIL 

2*  i 

TIHEO  T  NAS  OCCURED 

•  .w>  65 

2>  ; 

STOP 

"'NT 

INTERS  PT  MUST  NOT  OCCUR 

"Lwi  6900 

2’  ? 

HOV 

Ri.U» 

GIVE  T  V20  SUFFICIENT  TIME  TO 

•1*6  BmFF 

2-  1  LOOPZ 

HOV 

P3.I0FFF 

SEND  "UT  VOTRflX  INITH IZATION  NORDS 

11 1  ’8  3440 

2  . 

CflLL 

OFlflV 

E9rE 

2*  . 

DJNZ 

*1.  LOOPZ 

-  .74  O*-90 

2*  ' 

JNI8F 

UOINTR  ;RESPO»  t  FROH  88/28 > 

•  i7*.  2/ 

2- 

IN 

4  006 

BRING  N  86/20  DATA 

0-5  4 
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SEQ 


SOURCE  SlflroCNT 


298 

259 

388 

381 

382 

383 
304 

385 

386 

387 
386 

389 
318 

311 

312 

313 

314 

315 

316 

317 

318 

319 
328 

321 

322 

323 


ORIVt  R  FOR  RIFLE  SIMULATION  AND  ITS  ICSSAGES  LOCATED 
IN  MJRTH  PAGE  OF  MEMORY 


THIS  SEGMENT  *  DC  UPI-PROGRAH  PROVIOES  SIMULATED 
RIFLE  DATA  lf"T  TO  DC  96/28  COMPUTER  IT  OCCKS 
FOR  THE  FROPEF  RETURN  BYTE  TO  DC  UPI-41  FOR  THE 
SIMULATED  SHOT  AK>  INDICATES  FAILURES  BY  A  MESSAGE 
TO  DC  CONSOLE  INITIALLY  IT  SIGNS  ON  AND  PROMPTS 
DC  FOR  Tt€  HARDWARE  MODIFICATIONS  NECESSARY 
IF  A  FAILURE  OlCURS  THE  TEST  HILL  CONTINUE  AND  OUT¬ 
PUTS  1  FAILURE  MESSAGE  FOR  EACH  FAILURE  OCCUPENCE 
MCN  THE  TEST  IS  CO0LETF  IT  PROMTS  DC  USER  TO 
ASX  THE  80/26  FOR  ITS  OUTPUT 


DC  PROuRAH  IS  NON-INTERRUPT  DRIVEN  AND  INSTEAD  USES 
DC  INTERRUPT  FLAG  TO  DETERMINE  t«CN  VALID  DATA  IS  PRESENT 
■JH  DC  f«/2B  "ATA  LUCS  UPON  ENTERING  THE  ROUTINE 
FLAG  0  IS  SET  SO  THAT  INTERRUPTS  HILL  NOT  BE  REENABLED 
40  THE  OUD  IT  ROUT  DC  IS  CALLED  IF  DC  88/20  DOES 
HOT  RESPOND  A'  ALL  TO  AN  IM>UT  BY  DC  UP1-4KHDICATED 
BY  DC  INTER*  PT  FLAG  NEVER  BEING  SET'  DC  41  TDCS 
OUT  AM  JUDGE  •  THIS  ft  A  FAILURE  AND  CONTIM.CS  TtC  TEST 


1 


ei 77  DC 

269 

*L 

A.R4 

IF  IDENTICAL  RESULT  IS  ZERO 

m  • 

(178  C6  .4 

278 

tZ 

HEXT1  i  THEN  GO  ON  WITH  TEST 

I'lTA  23 1 A 

271 

KJV 

A.#  LON  FAL2 

1 

><17C  54mL> 

272 

ALL 

FAIL 

9  " 

HITE  24^4 

273 

JIB» 

tCXTl 

'*188  2  .4 

274  NOINTR 

MOV 

A,  •  LON  FAL3 

% 

0182  5*  D 

275 

CALL 

FAIL 

INDICATE  FAILURE 

9 

•1184  6s  A 

276  NEXTi: 

MOV 

RlillID 

GIVE  88/28  TIME  TO  SEND  REMAINING 

277 

PORTION  OF  MESSAGE 

— 

•  >188  BP1  F 

278  LOOPY 

NOV 

P2,IGFFH 

9 

•1188  3« 'D 

279 

CALL 

DELAY 

'18A  F"  ^ 

288 

DJNZ 

FI,  LOOPY 

lift.  8 

281 

RET 

9 

81*'  FL 

282  RIFLOP 

NOV 

H.R6 

RETR1FVE  RIFLE  WJMBFR 

H18E  V 

283 

RL 

A 

CODE  IN  BITS  1,2,  #3 

1 

11*  4:  *1 

284 

QRL 

fi.HlH 

NO  START  BIT  ON  SERIAL  OUT  LINE 

9 

*151  3v 

285 

OUTL 

PI,  A 

SET  IP  MUX 

'182  Ft 

286 

•CV 

A,R6 

GET  CURRENT  RIFLE 

*193  4. 

287 

SNAP 

A 

PUT  IN  HIGH  BYTE 

9 

*154  E 

288 

RL 

A 

UPPER  3  BITS 

4195  A 

289 

H 

A.R5 

CREATE  CORRECT  RETURN  COOE 

8158  *♦ 

298 

*«Y 

R4,  A 

TEMP  STORE 

, 

8197  1  j9 

291 

'AU. 

PULBIT 

GET  BYTE  KITH  CORRECT  BIT  SET 

§ 

292 

FOR  PIFLE  TRIGGER 

8199  4  40 

293 

OPL 

A,  840H 

KEEP  TARGET  PRESENT  DOWN 

l 

8198  3*1 

294 

"UTL 

P2.A 

RISING  EDGE  OF  TRIGGER  PULSE 

i  i 

I 

815C  9 '48 

295 

HNL 

P2.I48H 

FALLING  EDGE  OF  PULSE 

819E  3*66 

296 

'ALL 

'HECK 

81A8  6: 

297 

PET 

i 

* 

* 

9 

9 

9 

0 

D 


_DdL 


L 
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La  OBJ  £0  SOURCE  STflTBCNT 


324 

325 

326 

327 

328 

329 
338 

331 

332 
133 

334 

335 

336 

337 

338 

339 
348 

341 

342 

343 

344 

345 


#f  31STER  BAN*  1  IS  USED  FOR  M  ✓  UTIIC  *C  IS  0*  OfFINED 
A  FOLLOWS 


f -.SISTER  8 
REGISTER  1 
REGISTER  l 
REGISTER  3 
REGISTER  t 
REGISTER  > 
REGISTER  i, 
REGISTER  ' 


UNUStD 

OUTE?  LOOP  cr  DELflV  GUNTER 
INNER  LOOP  OF  OELAY  CU  NTER 
DELAV  COUNTER 

EJECTED  RETIJRN  DOTH  FROM  88/20 
TOT  STORAGE 

5  RIFLE  LOOP  COUNTER  AND  CURRENT  RIF  E 
16  SHOT  POSSIBILITIES  LOOP  COUNTER 
M>  CURRENT  SHOT  TVF  F 


THF  fiont*  5  LINES  OF  PORT  TNO  FUNCTION  i6  TIC  RIFLE 
TRIGGERS  INSTEAD  OF  AS  THE  HUSK  ICUTS. 

L1C  SIX  OF  PORT  TWO  IS  TIC  TARCf  f  PRESET  T  SIGNAL 

POU  1  LINES  4-7  SERVE  AS.  TIC  SHOT  TYPE  INPUT  LI*CS  FOR 
TK  80/28 


346 


8288 

47 

ORu 

512D 

48  , 

8288 

H 

49  SHT  OD 

D6 

0  2.4,3. 

0281 

02 

8282 

8i 

mi 

e 

8204 

<e> 

8205 

(8 

020e 

ti 

8287 

04 

8288 

88 

50 

oe 

8- 9, 0,2, 

8289 

09 

828A 

00 

8286 

02 

820C 

87 

8280 

88 

828E 

8b 

828F 

01 

51  i 

5?  l 

8210 

85 

53  RIF'  IN. 

54 

.55 

aR 

FB 

8211 

95 

56 

CPI 

F0 

157 

821. 

.’3C8 

58 

NOV 

H.08C8H 

8214 

3A 

39 

OUTL 

P2- A 

-50 

:*>i 

3-2 

:-.3 


;  PAGE  2 


.WHILE  Fh  IS  flLREHOV  SET  AT  THIS  POINT 
;  THIS  flOC>L.  A  LITTLE  CUCITV,  THE  POINT 
i  IS  THAT  INTERRUPTS  CfWOT  BE  REENABLED 
;UCN  THE  SERIAL  OUTPUT  ROUT  I*  IS  ENTERED 


.DISALLOW  FUmCP  INTERRUPT  REQUESTS 
i  OR  INTERRUPT  FLHO  SETS  BV  DESELECTING 
.TIC  CHIP  TARGET  FLAG  DOWN  AND  TRIGGERS  DOWN, 
;Att  TAR  FRES  CONTROL  SET  r0R  UPI-41  CONTROL 
,WCN  CHIt  RESELI  CTED  INTERRUPTS  WILL 
BE  CHEOtD  TNWGH  TIC  INC  FLAG 


821 j  15 


DIS  I 


•  - 

—  — — __ 

- - - 

-  - 

1 

1 

- - IS-II  fCS-48/l- 1-41  HACRO  ASSEWLEH 

V28 

PAGE  8 

1  : 

i 

,1i.  JAN  ?h 

t 

i.0C  CUJ 

SE8 

SOURCE  STATDOT 

1  I 

8216  25 

365 

EN 

TGMT1 

, TI9CR  INTERPUPT  IS  USED  AS  A  TIMEOUT 

l  I 

366 

; FOR  SEARCH  ROUTINES 

9 

021?  191A 

36’ 

NOV 

RLHAH 

•  CLEAR  THE  CRT  SCREEN  1  HOME  'TJRSOR 

0219  1438 

366 

CALL 

OUTPUT 

0216  : 456 

363 

CALL 

0ELAV1 

HLLON  CRT  Tllf  TO  CLEAR 

1  " 

0210  450 

37» 

CALL 

CALF 

SPACE  DONN  THREE  LINES 

021F  450 

371 

CALL 

CRLF 

0221  1450 

3  r 

CALL 

CRLF 

ft 

0223  2300 

373 

NOV 

A>l  LM  SIGNON 

ADDRESS  OF  SION  ON  MESSAGE 

9 

0225  »e 

374 

NOV 

R3.A 

STORE  STRING  ADDRESS 

8226  13 

375 

H0VP3 

A.  18 

GET  STRING  LENGTH 

% 

622?  r€ 

376 

NOV 

R6,A 

STORE  STRING  LENGTH 

9 

0220  427 

377 

CALL 

STROtn 

SEND  STRENGTH 

I  0220  450 

373 

CALL 

CRLF 

CARRIAGE  RETURN  LINE  FEED 

* 

;  022C  450 

379 

CALL 

CRLF 

022E  3E0 

380 

NOV 

A,  I  H«M  PROMPT 

PROMPT  If  SSAOE 

0230  HB 

381 

NOV 

R3.A 

STORE  STF IN>  ADDRESS 

*<231  £3 

38? 

N0VP3 

MA 

ft  1 

0232  4E 

383 

HO V 

R6.A 

9 

0233  ’42? 

384 

CALL 

S7ROF 

i 

0235  -450 

385 

CALL 

CRLF 

% 

023?  3450 

386 

CALL 

DELAV. 

WAIT  FOR  88/28  TO  TVPE  OUT  LET'S  START. 

9 

0239  3450 

387 

CALL 

DELAV; 

1 

8238  3450 

388 

CALL 

0ELAV1 

-a 

0230  05 

389  TEST 

sel 

RBI 

ft  : 

023E  9000 

390 

AM. 

P2.10"H 

REENABLE  CHIP  SELECT  AND  PUT  TARGET 

391 

FLAG  UP 

^  j 

0240  BE05 

392  RL00P5 

NOV 

R6.W5H 

INITIALIZE  RIFLE  NUMBER  AND  LOOP 

ft 

393 

COUNTER  FOR  5  TINES  THROUGH 

*  ! 

•'24?  6F10 

394  R100P1 

NOV 

R7,W6 

INITIALIZE  SHOT  TVPE  AND  LOOP 

1 

395 

COUNTER  FOP  16  TIMES  THROUGH 

% 

*244  54C0 

396  RL0CP2 

cat 

SHOOT 

RIFLE  SIMU.ATIW  SUBROUTINE 

ft  1 

024'  EF44 

39? 

DJNZ 

R7.RLC4P2 

ALL  DATA  POSSIBILITIES  DONE’ 

w  1 

024  EE42 

398 

OJNZ 

RfcflLfOPi 

DONE? 

1 

024m  8040 

399 

ORL 

P2.I40H 

TARGET  PRESENT  DOWN 

] 

024'  8805 

400 

NOV 

R3.I5D 

WAIT  1  SEC  REQUIRED  BEFORE  'EM  TAR 

0241  3450 

401  LOOK; 

CALL 

DELAV1 

CAN  APPEAR 

1 

025*  EB4E 

402 

Ml 

r:  .  LOOF  < 

% 

*25  9H00 

403  TOLATE: 

AM. 

P2.I00P 

TARGET  PRESENT  UP 

ft 

0,%  6AFF 

404 

NOV 

R2WFF4 

MAKE  SURE  80/20  SEES  FLAG 

025.  3440 

405 

CALL 

DELAV 

825  8040 

406 

ORL 

Pi. 1488 

TARGET  PRESENT  DONN 

ft 

025»  BflFF 

407 

NO V 

R7.I0FFH 

GIVE  88/28  CHANCE  TO  RESPOND 

0/5  <440 

406 

CALL 

DELAV 

BE 05 

409 

NOV 

P6.I5 

RIFLE  COUNTER 

ft 

0260  BO0A 

410 

NOV 

P5.I0OH 

CODE  FOR  MIS5-T00  LATE 

•«# 

3480 

411  LOOT' 

CALL 

PiaOF 

SUBROUTIIC  WHICH  FIRES  SHOT  FOR  CURRENT 

412 

RIFLE.  CHECKS  FOR  RESET  TO  .  STERNAL  FF, 

413 

AW  CHECKS  FOR  CORRECT  MESSAGE  SENT  BACK 

J 

414 

BV  68/28 

0  >  4  EE62 

415 

DJNZ 

P6>  LO0PC 

DOM’ 

0  "  0805 

416 

NOV 

Pi.  150 

MAP  1  SEC  REQ  FOR  HEN  TAR  APPEARANCE 

«<>  3456 

417  LOOK 

CALL 

0ELAV1 

V 

0  >m  E868 

418 

DJNZ 

P2.L0PL 

••.->•  8E05 

419  TARM 

NOV 

RE.  K»  ■ 

RIF  E  COUNT.  R 

n 

D-8 

u  i 

1 

L- 

1 

SIS-II  ICS-4-1  1JPI-  1  IKRO  RSSEFdER,  V2  0  P* c  9 
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ICC  OBJ 

9  Q 

SOURCE  ST8TEHNT 

026E  3458 

20  urn 

CflLL 

OELAi 

8274  9880 

21 

m. 

P2,#0H 

TARGET  PRESENT  UP 

6272  0RFF 

22 

HOV 

R2,*FFH 

GI"E  80/28  TIHE  TO  RESPOND 

8274  3440 

•23 

C8L1 

OELff 

82  ,  6  3459 

124 

CflLL 

PULE  r 

02: 3  43E0 

125 

ORL 

A,  111100008 1 

TO  3  BITS  HUST  K  21R0  AFTER  CPL 

02  0  37 

>26 

CflL 

8 

flli  BUT  ONE  RIFLE  HILL  SHOOT 

02  8  30 

127 

oun 

P2,P 

RK  IMG  EDGE  OF  TR I GOERS 

02.  C  9901 

128 

Hi 

P1-I91H 

HF.-T  08T8  SET  FOP  HITS,  NO  START  BIT 

02,..  9008 

429 

8NL 

P2,»# 

FP  1.  IMG  EDGE 

026«  3450 

438 

CflLL 

D€Lf  VI 

0286  3458 

431 

CflLL 

OEU'Vl 

Gl-E  90/28  T1IC  TO  SEND  ALL  MESSAGES 

02)4  22 

432 

IN 

8,W« 

a1  HR  IBF  FLAG  M4ICH  T>C  98 '28  SENT  4 

433 

PL  *  SES  TO. 

021  >  8048 

434 

OH 

P2.440H 

TP  GET  PRESENT  DOWN 

021  '  B88t 

435 

NOV 

R3.H6D 

OE'  8V  OVER  1  SECOND  SO  THAT  UPI  HI:  L  BE 

0219  3450 

436  LOO  * 

CALL 

DELI  VI 

CERTAIN  TO  HAVE  RECEIVED  INTER  PUl  £ 

8216  EB89 

437 

DJNZ 

R3,  IOOPK 

021  ■  0690 

438 

JNI& 

HOIK 

IF  NO  INT  PULSE  INDICATE  8  FAILURE 

021  FE 

139 

HOV 

8,  ft 

GFT  CURRENT  RIFLE 

0291  E7 

140 

RL 

8 

Of' 18  IN  BITS  3.2,1 

029 47 

441 

CHOP 

8 

IN  BITS  7,6,5 

02^:  430C 

442 

ORL 

fUKCH 

C  IS  ADDRESS  OF  "TARGET  IGNORED  * 

0294  AC 

443 

HOV 

R4.f. 

STORE 

029  ■  22 

444 

IN 

8,0(8 

INPUT  DATA 

029.-  DC 

445 

XRL 

8,fti 

IF  RESULT  IS  ZERO  THEN  BVTFS  I DENI  I CAL 

0297  C6W 

446 

JZ 

cant 

0299  2318 

447 

HOV 

8,1  LOH  FAL2 

PFEPARE  TO  CALL  DATA  F8ILUFE  ROUT 

0298  449F 

448 

JHP 

CON-8 

6290  2324 

449  NOINT. 

HOV 

ft*  LOH  F8I  3 

029F  5480 

450  CONTB 

CFLL 

FAIL 

<281  EE6E 

451  C0NT8 

DJNZ 

R6, !  OOPO 

BE05 

452  HINOTR 

HOV 

R6,  15 

5  RIFLES 

.11  8008 

453 

HOV 

R5, H08H 

OPE  FOP  NO  TARGET 

•128;  3400 

454  L«PJ 

call 

RIFLOP 

>.J»  EE87 

455 

DJNZ 

R6,l  OOPJ 

'■288  >4478 

456 

JHP 

FIN  S 

457  > 

458  , 

459  , 
468  ; 

461  ; 

462  , 

463  , 

464  ; 


'280  C5 

465  FAIL 

SEL 

RB0 

;5FV0  RIRE  IDENTIC IFR  TO  CRT 

028E  AF 

466 

HOV 

R7,ii 

; 5 :i'*E  FAILURE  TVFf 

02HF  05 

467 

SEL 

RBI 

0280  FE 

468 

HOV 

R,R 

,GK  CURRENT  RIFLE 

0281  05 

464 

SEL 

Rse 

.J282  E? 

473 

RL 

A 

,1* .  BV  TWO  TO  ACCESS  TNO  LOCATIONS  AT  A  TIHE 

0283  43F0 

47: 

Oft 

8,lf0H 

;R  rESS  FXK 

i  .85  AD 

47, 

HO*,' 

R5,  l 

KMC  STORE 

i  86  83 

47! 

HP* 

8,81 

,0'  T  RiaE  IDENT1FIFP 

t  87  89 

47- 

HOV 

Rl,  t 

iSIS-i .  HCS-4S/UPM1  MACRO  ASSEMJLER#  V2  0 
18  JAF  79 


PACE  10 


LOC  OBJ 

SEO 

SOURCE  STATEMENT 

B 2ft  343B 

475 

CALL 

'  UTPUT 

828F  FD 

476 

MOV 

>.R5 

020E  17 

477 

INC 

H 

02ft  A3 

478 

NO* 

h.0A 

m>  A9 

479 

NOV 

RliA 

821c.  343B 

400 

CALL 

OUTPUT 

0210  B92B 

481 

NOV 

RL082HH 

0212  3438 

482 

CALL 

OUTPUT 

0211  FF 

483 

MOV 

A.R7 

021 5  AB 

484 

NOV 

R3,A 

02>  -•  £3 

485 

W3 

A.0A 

0,’  AE 

486 

NOV 

R6.  A 

82  8  3427 

487 

'ALL 

STROUT 

0« 1  A  3450 

488 

'ALL 

CALF 

0,C  93 

489 

PETR 

8,  X>  FF 

498  Sit  OOP 

NOV 

A,R7 

8.  E  8,’ 

491 

!€C 

A 

8,  F  37 

492 

CPI 

A 

8.  0  530F 

493 

RNL 

A,  MR 

8.  >2  47 

494 

SNAP 

A 

0.  >3  Hi' 

495 

NOV 

R5,  A 

0.  *4  FE 

496 

NOV 

FLR6 

8.  '5  E7 

497 

RL 

A 

0  4D 

496 

ORL 

A,R5 

8.  i»7  4381 

499 

ORL 

A.M1P 

*J.D9  39 

588 

OUTL 

PL  A 

581 

8  141  FF 

582 

NOV 

A.R7 

8  jB  07 

583 

DEC 

A 

jC  A3 

584 

HOVP 

A,fA 

8  4)  AD 

585 

NOV 

R5<  A 

•  OE  FE 

586 

NOV 

A»R6 

Sf  47 

587 

SNAP 

A 

2E0  E? 

588 

RL 

A 

2E1  40 

589 

ORL 

A,R5 

*  2E 2  AC 

518 

NOV 

R4,  A 

■  E3  345  ' 

511 

CALL 

PULB1T 

512 

513 

■  E5  3A 

514 

OUTL 

P2,A 

it  27 

515 

CLR 

A 

tr  3A 

516 

OUTL 

P2,A 

2F.A  34t- 


RETRIEVE  POINTER 
ADESS  NEXT  LOCftTIOH 
GET  REST  OF  IDENTIFIER 


;Asni  SPICE 


RETRIEVE  FAILURE  TYPE 

NON  SEN)  OUT  FAILURE  TVPE  TO  CRT 


(ET  SHOT  TYPE 


SWT  DATA  LUES  HAVE  INVERTING  DRIVERS 

SHOT  TVPE  DATA  LINES  ARE  PI  4-7 

TEMP  STORE 

GET  CURRENT  RIFLE 

PUT  CODE  IN  BITS  1.2,43 

OR  SHOT  TVPE  4  RIFLE  •  TOGETHER 

OON  T  SEND  OUT  A  START  BIT 

SET  UP  SHOT  DATA  LINES  AND 

INPUTS  TO  THE  MULTIPLEXER 

RETRIEVE  SHOT  TVPE 

GET  CORRECT  RETURN  CODE  FOP  COMPARISON 
STORE 

GET  CURRENT  RIFLE 
PUT  CODE  IN  UPPER  4  BITS 
UPPER  3  BITS 

CREATE  EXPECTED  RETURN  CODE 
STORE 

GET  FROM  PAGE  i  A  BVTE  WICH  HILL 
HA*  THE  CORRECT  BIT  SET  FOR  A 
TRIGGER  PULL  BV  THIS  RIFLE 
RISING  EDGE  OF  PULSE 

FALLING  EDGE  OF  PULSE  NOTE  THIS 
WHY  OR  HAY  NOT  BE  THE  CASE  IN  REALITY 
FOR  IF  THE  MASK  SNITCH  FOR  THE  CURRENT 
RIFLE  IS  ON,  TTCN  UC  ACTUAL  FUSE 
MILL  ONLY  BE  TTC  MUCH  SHORTER  P»JLSE<50P 
NSEC)  THAT  THE  UFI  PROVIDES  AS  A  FAST 
TURN  ON  FOR  THE  PORT  BEFORE  THE  5* 
PULLUP  TAKES  EFFECT  MRE  TIC  5flK 
PULLUP  UHL  NOT  PROVIDE  A  HIGH  OUTPUT 
DUE  TO  THE  *  PULLDOMN  AM)  THE  OUTL 
INSRUCTICN  MOULD  NOT  BE  NEEDED 
TW  LOGIC  HIGH'  MILL  ACTUAU.Y  BE 
ABOUT  2  5V  MHICH  IS  ACCEPTABLE  TO  T»C  41 


1 

1 

3 

I 

t 

3 

I 

3 

3 

3 

3 

3 

3 

3 

0 


<<  -11  H  >-482UPl-4’  HRCRC  flSSEWl  R,  V2  0  PflGE  1 

It  IAN  79 


JC  08J 

SE8 

SOUP  E  STFitHENT 

>  2EA  83 

538 

RET 

531 

532 

f2 

533 

OPG 

7-2H 

534 

0.f2  5231 

535 

08 

»V,  'ft.'/,  'R3'  '(W'.'R* 

<s.  F4  5232 
0  F6  5233 
A  F8  5234 
0  f«  5235 

536 

537 

538 

539  , 

540  , 

541  , 

542  i 

543  ;  STRING  OATh  I'CATED  11  THIRD  WE  OF  lEHORV 


544  , 

545  , 

0180 

546 

OPG 

•685 

0.00  04 

0  81  41495353 

0  *  21202823 
><*9  20282028 
('«>  2(2828 

547 

D8 

4H» 'HIS  3 

i.  -10  0. 

>;11  414954 

548 

08 

3H.  'HIT ' 

•214  0. 

7 15  4.  2052-5 
>  :i9  5 

549  Ff»l: 

08 

05H.  'F  RES' 

0ilH  8* 

0ilB  4.  c!0444 
011F  54 

550  F0L2 

08 

05H  'F  OPT' 

0.  <*: 

02-1  41  4FV 

551 

08 

3H» "LOP ' 

0334  0 

«'  5  4»«;0494£ 

552  Fft3 

08 

85H.  'F  NT 

0.9  % 202820 

0.  .  l  1  202828 

u  «  0.-  553  08  9M, '10H  <  IGHT 

0  ,  414F5720 
0.  .•  *.494740 
0;  •  r  •20292'.' 

0  t  .  V02" 

0.  <v  0  ■  >54  08  5H.  RI  NT 

V  il  3  '494744 
m.  >’  *  1282020 
N  ..  <202820 
0711  .  <2028 

0:  *•  0M  555  08  180.  'HIGH  PI' NT 

0  1  4  494748 
02  i  <524947 
0.  ••  4  <542820 
82  -  2  <2020 


i>13-ll  1C  48/WI-41  NACWO  SSS«iR-  V2.  0 
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PflCE  12 


LX  OBJ  9E0  SOURCE  STflTEJtNT 


0368  84 
8361  484  ‘4748 
8365  282  -2828 
1-369  28217828 
1360  28.18 
o378  89 
8371  48-*vM748 
0375  »‘C-i546 
i379  5421828 
-37D  282  <0 
8388  84 
0381  4C4  -4654 
i385  282-1020 

1389  28.  -  828 
1-380  2824.0 

1390  88 

-391  4C4H-728 
-395  4C454654 
-399  2824.828 
-390  2810 
-388  80 
-381  404-5353 
-385  2DS44F4F 
-389  20401154 
-<380  45.028 
-388  89 
-•381  4E-  -  054 
-385  41!  2 1745 
-389  54.0  020 
-380  20.0.0 
-3C8  8E 
-»3C1  54^15247 
-3C5  45'  42849 
-3C9  47-t  4F52 
-3C0  45- -28 
<300  0F 
<301  524  464C 
<305  45.  ■  3349 
<309  40*.  4C41 
--300  544.  32 
-3E8  0F 
"3E1  53' -45241 
-3E5  50  -494E 
-3E9  28  -04C41 
-3E0  434! -3F 
<-3F8  » 

-3F1  20  05445 
-3F5  53  42843 
ij#9  4F41-504C 
03FO  45'  145 


5K  08  4H»  'HIGH 


557  08  9H>  'HKM  LEFT 


558  08  4H,  'LEFT 


559  l«  8H.  'LOR  LEFT 


568  «  130, '«!  5S-T00  J1TE  ' 


561  *  9H,  'NO  TARGET 


562  08  140,  'T  W3ET  I3N0RED 


563  SIGMON.  08  150. 'FIFLE  5IWL8TGR' 


564  PI-0NPT:  08  150, 'STRAP  IN  PUCE?' 


565  DONE:  08  150,'  TEST  CWTLETE' 


566  END 


NS  SVNBiS 
■  HM*  81-6 
'ttflV  81  0 


CUNT  8833 
0EL8V1  8138 


C0N11  884-r 

OLOCP  81V 


r  NT2  0113 
[-4C  03F8 

D 


CONTR  8281 
ESCAPE  8855 

12 


C0NT8  829F 
EXTINT  8883 


CONTH  803E 
FAIL  0280 


1 

I 

1 

I 

I 

1 

t 

a 

i 

a 

a 

a 

a 

a 

a 

a 

a 

CRLF  8150 
FflLi  8314 


is:  -11  NCS-48  UPI-41  MACRO  ASSEW  R.  V2  •'  «WF  13 
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Fft  •? 

*31A 

FfU 

0324 

FINI-  0070 

here  m: 

INIT 

WW' 

INROUT  0058 

LOCSET  eilf- 

LOT* 

0169 

LGul 

»'13fl 

LOOPC 

0262 

LOCK  026E 

LOOM  0207 

LOOP* 

02T< 

LOOK  0268 

LOOPX 

B24[ 

LOJFv 

0186 

LOU? 

><16E 

NR » 

0109 

mm  0203 

HSKI8T  010P 

NFXT1 

0184 

NOINFN  014C 

•NOINT 

02'4< 

NOINTR  0180 

OU  fUl 

8136 

PROMPT  03E0 

pile  i  0159 

QUE  UL  0068 

R1FL0P  018?' 

RIFSIN  0210 

RL00P1  024, 

R100F2  0244 

RU"**. 

024* 

SHTCOO  02*0 

SI»  H  0300 

9UP02CT 

START 

0028 

‘ TROUT  0127 

TAB 

01 14 

TPRKiN  026C 

IE‘: : 

0230 

TlItftT  0860 

TIN  IT  0007 

Ta  1TE  0252 

MBIT 

002 

ms  .  «LV  COMPLETE,  NO  ERRORS 


* 

{ 


f 


APPENDIX  E 


SELF  CHECK  PROGRAM 


I 


! 

I 

I 

I 

I 

I 

I 


A  o  1 -•  L_  u 1  •  »  L- r  '■  — 

-l.OC.nrE  F1TST  TMP  10 


1  Tc  r  SYMBOLS  LINES  MAE  PRINT-'  El 


SVMBOL  TABLE  OF  MODULE  T  ST 
READ  FROM  FILE  FI : ^ ST  TMP 
WRITTEN  TO  FILE  FI  TST 


VALUE  TVPE  SVMBOL 


MOO 

TESTMODUl.E 

OlBFH 

SVM 

MEMORY 

C001H 

SVM 

TEST 

C001H 

LIN 

14 

CB01H 

LIN 

IS 

CO04H 

LIN 

1» 

C007H 

LIN 

1 

C00AH 

LIN 

10 

C00CH 

LIN 

19 

C010H 

LIN 

20 

C013H 

LIN 

21 

MOD 

TESTPROC MODULE 

CiBFA 

SVM 

MEMORY 

C0O0H 

SVM 

TSTCHECT 

3900H 

SVM 

N 

C01BH 

SVM 

DONE 

C01&H 

SVM 

LEDON 

3901H 

SVM 

K 

C020H 

SVM 

FAIL 

3902  H 

SVM 

J 

390:  h 

SVM 

IODATA 

C08CH 

SVM 

iotest 

C014H 

SVM 

LOWLIMIT 

COicH 

SVM 

highl imi t 

3904H 

SVM 

INITIAL! IME 

390t  H 

SVM 

FINALTIME 

390EH 

SVM 

ELAPSED! IME 

390HH 

SVM 

I 

CODl'H 

SVM 

TIMEPTEST 

C133H 

SVM 

USAR1 TEST 

C.01EH 

LIN 

41 

C01EH 

LIN 

42 

L01S  H 

LIN 

4: 

C01E  M 

LIN 

44 

C01EH 

LIN 

4b 

C020H 

LIN 

47 

C02«H 

LIN 

4? 

C032H 

LIN 

50 

C041M 

LIN 

51 

C04'iH 

LIN 

52 

C04AM 

LIN 

53 

C05  LH 

LIN 

54 

C05FH 

LIN 

5  1 

C064H 

LIN 

5 ; 

C0E8H 

LIN 

*»  f 

C072H 

LIN 

53 

C0S0H 

LIN 

59 

C0E3H 

LIN 

E0 

C0BCH 

LIN 

El 

C08DH 

LIN 

»-5 

C0EDH 

LIN 

*■? 

L0S0H 

LIN 

08 

C094H 

LIN 

»>9 

C099H 

LIN 

70 

C09EH 

UN 

71 

C0A2H 

LIN 

72 

C0A7H 

LIN 

73 

TS  T  RRT  - 


r 


i 

i 

I 

i 

i 

I 


l_Ut  .  .  .  1 

-ifi 

r-i 

C0f  1H 

LIN 

75 

C0B6H 

LIN 

76 

C0FAH 

LIN 

77 

C0f  FH 

LIN 

78 

00'  4H 

LIN 

79 

C0<  9H 

LIN 

30 

COL  OH 

LIN 

31 

C0I  '2H 

LIN 

32 

C0l'?H 

LIN 

33 

C  Ot'CH 

LIN 

•35 

I.000H 

LIN 

90 

C  OC'C'H 

LIN 

91 

IIOL0H 

LIN 

->2 

COb  5H 

LIN 

S3 

i  0b  BH 

LIN 

94 

i.  OF  9H 

LIN 

95 

C  OF  EH 

LIN 

96 

C105H 

LIN 

97 

i  loBH 

l  IN 

98 

1 1 7H 

LIN 

99 

ClJlH 

LIN 

100 

LIN 

101 

Cl.  2H 

LIN 

102 

LI.  .'H 

LIN 

102 

l  1  OH 

LIN 

106 

L  l_'oH 

LIN 

107 

i.llbH 

LIN 

108 

I.140H 

LIN 

109 

i  14  2H 

LIN 

110 

l  1 4SH 

LIN 

111 

i  1  4L  H 

LIN 

112 

L  1S1H 

LIN 

113 

i  1SBH 

LIN 

114 

1.  J  r  .OH 

LIN 

115 

MOO 

RAMTST 

i  .1  r-xH 

SVM 

LOOP 

'  i*4H 

SVM 

LOOP  A 

i  1  ,>  H 

SVM 

RAI1FRL 

i.  Lt.JH 

SVM 

RAMTST 

MOO 

FONT  ST 

L  1H9H 

SVM 

CONT2 

i  1  ^4H 

SVM 

LOOPA 

CloFH 

SVM 

ROM r ST 

MOO 

SBCTIM 

i  JO.H 

SVM 

LOOPA 

i.  J  R5H 

SVM 

LOOPS 

i  10  H 

SVM 

SBCTIM 

MFMORV  MAR  OF  MODU'.E  TST 
KFhI1  FROM  file  :  FI  TST  TMP 
WF'  1  I  I  EH  Tu  FILE  :  F  L  :  TS I 
Hi i,  nJL  r-_  START  ADDRESS  0O26H 

i  hF'  I  STOP  LENGTH  R£L  NAMF. 

C0OCH  80  H  8  ABSOLUTE 

lu.il;  C1BEH  122H  Ft  ABSOLUTE 


E-2 


i 

1 

) 

1 

3 

3 

3 

» 

I 

I 

3 

3 

3 

3 

3 

3 

3 

0 


Pi  U-  :.j  COMPIL  * 


blS-II  PL/TH-*-  V3  i  COPD  ATIQN  OF  NOLLE  TES  «OU.E 
Of  JECT  MODULE  fJCED  IN  FI  TEST  iR  OBJ 

0  MP1LEF  INVOKED  BV  PLMF 1  FI  TESTER  LM  OEE  i  IXREF  DATE  (12  OCT  78 • 


*  THIS  TEST  fROGRAM  IAS  NR  TTEN  BV  TOH  RIORDAN.  ITS  FUNCTION 
IS  TO  ACT  MS  THE  DRIVER  f OR  T»€  FST  PROCEDURES  AS  CALLED  •/ 


1 

TEST  MODULE  DO, 

2 

1 

RANT  >T  PROCETURf  EXTERNA'  • 

2 

END  RflNTST; 

4 

1 

ROUT  ;T  PROCEDURE  EXTERNA'  . 

b 

2 

at  ROUT  ST, 

6 

1 

IfUT  ST:  PROCEDURE  EXTERN- 1, 

7 

O 

& 

ENT  IO*TESt 

8 

1 

Tiff  *TEST  PPOCEHJRE  EXT  RNAL, 

4 

2 

EM  TIMER!  EST; 

10 

1 

USATtTEST  PROCftURE  EXTERNAL, 

U 

2 

EM  USARTfTEST, 

12 

1 

DOW  PROCEDURE  EXTERNAL 

n 

2 

EN'  DONE, 

14 

1 

TEC  PROCEWRE  FiaiC, 

is 

< 

CALL  RANTST; 

16 

t. 

CALL  ROMTST; 

1? 

*> 

i. 

CALL  IOITEST, 

18 

2 

CALL  TIMEIWTE  T, 

19 

*> 

t 

CALL  USARTITE'T, 

20 

2 

CALL  D((€; 

21 

2 

END  TEST, 

22 

1 

EM  TESTIMOULE, 

‘MUf  INFOCNRTION 

-  X-E  AREA  SIZE  =  001;H  1© 

v^IAPLE  AREA  SIZE  =  00OAH  f© 
MAXIM-M  STACK  SIZE  =  0 

c"  LI-CS  READ 
A  PROJW  ERPCR(S) 

END  Of  ft/ 1-88  CWILATION 
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ISIS- 1 1  Hyp  80  VI  COMPILATION  OP  MODULI  TESTPH  MOOU.L 
OBJECT  WOU'  PUCE  IN  FvTSTPRi  OBJ 

COMPILER  IN1  «ED  BV  PU»J  FIT  TPRC.  PL'i  IXREf  l  'BUG  O' 'IE  <5  J<  u  79) 


TEST$PR»CIHODULE:  DC' 

DECLARE  T5TCHECK  BVTil  PUBLIC  AT  (0CCA0H)  IMA<1>; 

MOL  1 51 

DECUFE  N  BYTE; 

DECLhRL  HOAD  IITERALLV  'ADDRESS'; 

DECLARE  DONTCARE  LITERALLY  W.  F'*EW  LITERALLY  'WILE  V, 
DIA0NOSTIC4LED  LITE- ALLY  '»<*'; 

PROCEDURE  PUBLIC; 

LEWlN: 

DO  FOREVER; 

OUTPUT <DIrOMOST  1 1  fl£D>*C>  NTICARE 
tX)  LEWON. 
i'<o  DONE. 

Ofc'  lARE  L  BYTE, 

FhL  PRJCEDURE(J)  PUBLIC; 

OE.  ARE  J  BYTL 
(0  K*1  TO  J; 

DO  N=1  TO  IB; 

OUTPUKDIAWOSTIC  HJED)=D)NTCAR£ 

CAU  SBCTIM(IB); 

AD; 

DO  N=1  TO  40, 

CALL  SBCTIfKtZ 
END, 

E»; 

L>0  N=- .  TO  88; 

CALL  S0CTIM(tS0);  /•  4AIT  2  ECOND1  TUN  HO  ON  MITH  TEST  */ 
END, 

C>©  FBI! , 


DECLARE  IO0FRIL  LITERmLLY  '3'.  /♦  3  FLA  JCS  FOC  AN  I/D  FAILURE  */ 

Dt  CLARE  P0RT1  LITERALLY  '0E4H  -  PORT,?  LIT  {RALLY  K3H', 

P0RT3  LITERALLY  '0E6H  .  PORTA  HTWILV  MAH'; 

Ha  ARE  IODATA  BYTL 
MUTEST  PROCEDURE  PUBLIC; 

I*1 

CALL  PORTRSIT.  /*  SET  UP  10  PORTS  142  AS  INPUTS  346  AS  OUTPUTS  •/ 

OUTPUT  (PORT?  >=0(K  /*  PORI  3  WILL  INERT  OUTPUT  THEN  PORT  1  MILL  REINVENT  IT  */ 
IODATfMIWT<PORTl>; 

IF  IODATAO00H  TICN 
CALL  FAIL(IOIFPIL); 


0UTPUT<P0RT3)=8FFH. 
I0DATH=HFUT<P0PT1)» 
IF  IOWTAO0FFH  THEN 


E-4 


75  :< 


CflLL  9IL<I«FPIL'. 


76  3  UTPUTtf  *T6>=80H,  /  PORT  *  INVERTS  OUTPUT  BUT  PORT  MILL  NOT  REIIAWT  *7 

77  3  100ATA*InPUT<P0RT2>; 

78  3  IF  IOOAT-O0FFH  TTCN 

73  3  CflLL  flILdOIFrtIL'. 

00  3  TUTPUT(FGRT6)a0FFH; 

81  3  !0DAT(*INPUT<P0RT2), 

82  3  IF  IOWTBOB0H  THEN 

83  i  CflLL  FAILCOIFAIL  • 

34  3  END, 

35  2  END  IO*T£Sf; 

6  1  DECLARE  LOKFLIHIT  iflRD  W  fKlBB)  HIOHtLIHIT  MORD  MTR<300>; 

37  1  OECLFRE  TINERIFAIl<LON  LI  ERALLV  '4‘,  TIHERRFfllLIHIOH  LITERALLY  '5'; 

88  i  DECLARE  <INITIflLT!*€,FINf*TI*,EiAPSEDTirC)  NORD; 

89  1  DECLflTE  I  BVTL 

90  1  TINEFfTEST  PROCEI  RE  PUBl  ICi 

91  2  CP  L  TldRfSTPF r,  /•  START  TI  €RS  0  PhD  1  *7 

92  2  CP  L  SBC! IH<25P  •  7*  UVE  TMER  TIME  TO  BEGIN  FUNCTIONING  *7 

93  2  INlTIALRTHf  =  LOCKREF'D; 

M2  X)  1*1  TO  40;  '*  MBIT  FOR  0  €  SECOND  *7 

*5  3  CflLL  SBCTIH  250); 

<0  3 

u  2  FINfiLTIHE^tLO  >READ; 

<8  2  FLflPSEDTINE  *  INITIflLTINE  -  FINALTIHE  7*  COUNTERS  9RE  DOW  COUNTERS  *7 

>9  2  IF  ELAPSEDTIHt  <  LOMHINIT  T-CN 

1  •  2  CflLL  FAIL' T IICRIFP  ILRjON)  • 

ltt  2  F  ELflFSEDTIHf  >  HIGMLIHIT  T»€N 

1 92  2  CflLL  FAIL' 1  TFfWFF  TLINIGF  >, 

I '3  2  EtC  INERITEST; 

14  l  DECLfrE  USflRTIFflIL  ITERflL  V  '6' 

1>  5  1  0ECIF*E  USflRTRSTflTi-.  LITERff.LV  '‘  EDM',  USflRTIOATA  LITERAL!  >  '0ECH'; 

1>6  1  USflRTiTEST  PROCED-PE  PUBLi  :. 

1  '  2  CflL  VOTRflWTIflEi-. 

y  <  2  CflLi  SBCTimiBB).  7*  Nfltt  CERTP.N  TI«R  HRS  STARTED  *7 

1-  2  Cd  VOTRfWSET,  *  SET  ff<JD  RATE  flNDBiT  PATTERN  *7 

18  2  CflL  SBCTIfldBB1  «  NflTf  CERTAIN  USflRT  MRS  COMPLETED  INTERNAL  SETUP  *7 

•  1  2  OUTlUT<USflRTIOATP;=10101f'lflB,  7»  SE»  CfiT  TEST  PATTERN  *7 

CALi  SBCTIIK20).  7*  WIT  9PPA0K  1  04  HSECsXJSflRT  SHOULD  BE  NINE  *7 

'*  N  8  THIS  HU3T  BE  LfNG  ENOUGH  EVEN  WITHOUT  MATT  STATES  *7 
1  IF  t*OT  SHR(  INPUT  TSARTfS  <TUS),2  >  TICN 

I  4  >  U*L  FAILFUSP1  TIFAID 

2  END  USflRTfTEST; 


-•  1  END  TESTt  ROCIHOD'f  E, 


HU  H  E  INF  *MflTION 

•  ODE  «EA  SIZE  B140H  333D 
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I 

VAP1A81E  AREA  SIZE  '  >«0H  11D 

mximn  stick  size  *  «o 

138  l  lies  READ 
e  FRitim  ERRCR(S) 

I 

EH>  OF  PL  ft-88  COMPILATION 


•X  ( 7  fHUt 


1 


m  % 


ASH80  H:RAHTSI  SRC  DEHJG  HACPJFIIE  fTL£('l  OCT  78') 


ISIS-!:  800878065  NACRC  ftSSEWLER,  V?  0  RAHTST  Pftt  1 

11  OC’  'S 


Lot  ej 

SEQ 

SOURCE 

STHTBO-T 

1 

NflHE 

RANTS' 

2 

STKLN 

0H 

7 

EXTRN 

DONE 

4 

5 
it 

PUBLI< 

RANTS’ 

CSEG 

00U*’  i*l 

•<  RAHTST 

POP 

D 

GET  RETURN  flOORESS  THAT  NFS  PUSHES 

c 

BV  TIC  CALL  AND  SAVE  IT  INTIC  D* 

Q 

REG  PAIR.  IT  HILL  BE  VALID  IF  BAD 

10 

IS  OKflY,  AND  UNUSED  0TI€RMISE 

0»;  'T100F8 

11 

LXI 

B,  0F6*  0H 

INCREHEHTING  THIS  VftLUE  AND  OCCKING 

12 

FOR  OVERFLON  HILL  INDICATF  HHEN  TEST 

i: 

IS  FINISHED 

00H  .'10038 

14 

LXi 

H,  300*41 

START  OF  RAH 

08)  ■  4F 

15  LOOP: 

XRH 

0 

80k.-:  ’7 

16 

NOW 

H,ft 

STORE  MH  AT  LOCATION 

0*4  E 

17 

now 

ft,  H 

READ  00  FROM  SflNE  LOCATION) 

00)  H  -d7 

18 

npft 

ft 

SET  FLAGS 

00* L  21E00 

c 

19 

JHZ 

RflNFfll 

IF  00  NOT  READ  BACK  Jl«P  TO  FAILLE  ROUTINF 

00)  L  2F 

20 

m 

IF  PASSES  THEN  ACCUH-FFM 

00t-  '7 

21 

NOV 

nn 

STORE  FFH  AT  LOCATION 

00- *.<  E 

22 

NOV 

fl.N 

READ  FFH  FROH  SAHE  LOCATKN? 

00  1  £ 

2: 

INR 

n 

IT  FFH  READ  BACK  ACOJN=«0 

06  2  L21E00 

c 

24 

JNZ 

RAHFw 

IF  FFH  NOT  READ  BACK  JUMP  TO  FAIL  ROUT 

00  5  23 

2L> 

I  NX 

H 

ACORESS  NEXT  NENORV  10CATI0N 

00  K  83 

26 

INX 

8 

CHECK  FOR  TEST  COHEFTE 

00  7  78 

27 

NOV 

ft>B 

80  B7 

2d 

ORA 

ft 

80' <  C 20700 

c 

29 

THZ 

LOOP 

00'  05 

30 

PUSH 

0 

PUT  RETURN  ADDRESS  BACK  ON  STACK 

00;  C9 

31 

PET 

00)  0306 

32  PAHFPL 

OUT 

0060 

FLftSH  LED  1  TINE  TO  INDICATE  RAH  FAILURE 

00,  01E8FD 

77 

j  J 

LXI 

B,  65-  *  0 

Pf.LAV  flPPROKIHA’UV  1  SEC  THEN  JUNP  TO 

00,  06 

34  LOOPA: 

OCX 

6 

PONE  ROUTINE  'HIS  IS  DONE  BECAUSE  TIC 

00,  00 

35 

NOP 

j 

REST  OF  THE  TEST5  CAWOT  BE  RUN  RELIflBLV 

00  78 

3t 

NOV 

ft,  6 

UNLESS  THE  RAH  !S  WORKING  PROPERLV 

00.  87 

V 

ORA 

ft 

06.  cam 

c 

38 

fNZ 

LOOP*  ; 

00  •  C 30000 

E 

39 

JNP 

DONE 

40 

Etf> 

fvfn  ■  -.vnpjLS 

RAN)  -I  ■  0000 


>•->.11  >■-  SVN&tS 

•  «.w  •  M00 

«f?tf  ;v,BOLS 

r»M  t  0008  LOOP  C  0017  LO**  C  *23  RAHFflL  C  001E  RAHT-T  C  0000 


MSS*  *  -  V  COHftKE,  MO  ERRORS 


ASICn  FI  RONTST  SR  DEBUG  MORGUE  TITLE<18  J"»  79' > 


ISIS  II  008620005  IWCRO  A5SEWLEP,  V2  0 
18  J'N  79 


,  UNTST  PAGE  1 


HJE-  SVHBJLS 

wri  'i  l  0000 

E>.  fl H.  SYMBOLS 
Frt’  E  00i« 

in  -  -ambois 

(*.  c  me  FAIL  E  0000  LOOPS  C 
Er  i  ;mv  COMPLETE.  NT  ERRORS 


10  OBJ 

‘EO 

SOURCE  ST(  fEMENT 

1 

MATE 

UNTST 

2 

STKLN 

3 

EXTRN 

E  AIL 

4 

PUBLIC 

EOMTST 

5 

6 

CSEG 

06<0  210001 

7 

8  WMTST 

LXI 

M,0H 

START  OF  PROGRAM  ROM 

60  >  11B606 

9 

LXI 

1,00000 

START  DF  TEST  ROM 

60  0E02 

16  LOOPS 

MVI 

.,2 

2  FLASKS  INDICATES  ROM  FAILURE 

66’  :  7E 

11 

MOV 

READ  PROGRAM  ROM 

66>  i  47 

12 

MOV 

8,  ft 

SAVE  BYTE 

BO*  EB 

13 

XCHG 

00*:  7E 

14 

MOV 

‘LH 

RE*  TEST  ROM 

00  w  B6 

15 

CMP 

6, 

A-e 

00  v  C 01 866 

C  16 

JZ 

COMTZ 

IF  AOB  THEN  FAILURE  MAS  OCOFFD 

66”t  F5 

17 

PUSH 

PSM 

06!  1  C5 

18 

PUSH 

8 

0*  !,:  05 

19 

PUSH 

D 

0  i>  E5 

20 

PUSH 

H 

0»>|4  (100800 

E  21 

CALL 

FMIL 

O  '  •  El 

22 

POP 

H 

O’ ty  01 

23 

POP 

0 

0 ’14  Cl 

24 

POP 

3 

O'M  El 

25 

POP 

?SH 

O.'lH  13 

26  com: 

INX 

f. 

;NEXT  ROM  LOCATIONS 

0.’!'  2  2 

27 

I  MX 

H 

o  it-  ;*8 

28 

NOV 

ft-0 

0  it  EB 

29 

XCHG 

0KE  EE14 

30 

CPI 

14H 

. IS  TEST  COMPLETE? 

0  1  C 20600 

C  31 

JMZ 

LftfA 

0  4  l> 

22 

RET 

33 

END 

ROMTST  C 


» 

i 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

0 


i 


«.  N86  fl  SBHIP  SRC  DEf  C  N0CW  !L£  TIT  _E<'2?  OCT  78'  • 


IS  $-11  xm/(9F '  HflCRO  ISSEWU-  V2  »  SttTIW  P0GE  1 

23  XT  78 


t  X  on 

SEO 

S  JRCE  S 

TBTEMEMT 

1 

4€ 

S8CTIM 

2 

'  HCLN 

0H 

3 

f  aic 

SBCTIf 

4 

5 

C  EG 

O. ,  -i  r%rt%r. 
t"  XJ  Twl 

6  S&.TIM 

ft  I 

6.10 

V"  12  78 

7  L0CP8 

ft  V 

0.6 

»-  »:<  a» 

8  LOOPS 

0  p 

0 

1  «  C2S3F»i  c 

9 

j  7 

LOOPfl 

*  C  00 

10 

[>  R 

( 

MHitH  f 20280  C 

11 

j 

LVf6 

nwifi  C9 

12 

9  T 

13 

E  0 

-1J6LII  SYMBOLS 

->8CTIH  C  0000 

:;ternk  symbols 

*p  svmbols 

OOF*  C  8883  LOOPS  C  8882  *CTIM  C  «* 
.SEWLV  CO0PLETL.  MO  ERRORS 


